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SO.  ABSTRACT  (ContHmo  on  rorotoo  ttdo  It  nocooomr  onP  IPonttty  Sr  Use*  tmmOor) 


multichannel  proton  electrostatic  analyzer  has  been  developed  to  monitor 
spacecraft  charging  by  observing  changes  in  the  energy  spectrum  of  the  proton 
flux  incident  on  the  spacecraft.  The  analyzer  uses  electrostatic  deflection  plates 
to  select  incident  ions  within  each  energy  band  for  detection  by  a  channel 
electron  multiplier.  Command,  control,  input  and  output  channel  and  mode 
selection,  count  accumulation,  and  processing  are  provided  by  a  microprocessor 
under  firmware  control  from  replaceable  programmable  memories. 
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The  phenomenon  of  discharging  among  elements  of  spacecraft  was  first  noticed  in 
the  late  L960s  in  causing  upsets  and  permanent  damage  in  electrically  sensitive  vehicle 
systems.  Space  objects  undergo  differential  charging  due  to  variations  in  physical 
properties  among  their  surface  regions.  The  rate  and  severity  of  the  potential 
excursions  depend  on  particle  and  photon  environments  present,  and  have  beer 
described  in  Reference  L. 

Integral  charging,  whereby  the  whole  satellite  is  net  negative  with  respect  to  the 
surrounding  plasma,  was  measured  first  on  ATS-5  (Ref  2)  as  a  modification  of  the  ion 
spectrum,  noticeable  as  an  acceleration  to  higher  energies.  Differential  charging 
occurs  when  surface  elements  attain  various  voltage  levels.  These  conditions  are 
frequently  relieved  by  "flashover"  arcing,  which  results  in  system  transients  induced 
from  the  high  surface  currents.  Differential  charging  may  be  reduced  by  attempts  to 
ensure  that  the  vehicle  surface  has  uniform  conductivity.  Spacecraft  systems  may  be 
made  resistant  to  transient  threats  by  robust  design  and  by  electrical  protection  at 
entry  points. 

The  initial  charging  process  may  be  reduced  in  severity  by  emission  from  the 
vehicle  of  an  appropriate  amount  of  electrons,  ions  or  plasma.  The  search  for  an 
accurate  method  of  assessing  the  potential  condition  is  being  pursued  currently.  A 
promising  candidate  is  the  continuous  monitoring  of  the  ion  energy  spectrum  incident  on 
the  spacecraft.  The  voltage  excursion  is  usually  negative,  due  to  the  likelihood  of 
higher  fluxes  of  electrons  compared  to  those  of  ions.  Such  a  condition  becomes 
exaggerated  when  the  satellite  is  not  illuminated  by  photoelectron-producing  sunlight. 
Theoretically,  knowledge  of  the  ion  spectrum,  precise  in  intensity  with  respect  tc 
energy  and  time,  allows  an  accurate  estimate  of  total  excess  charge  present  and  hence 
the  spacecraft  voltage  below  the  surroundings. 

The  present  instrument  attempts  to  provide  a  low-cost  solution  to  these  require¬ 
ments.  Its  design  affords  a  great  deal  of  flexibility  in  choice  of  energy  ranges,  channel 
widths,  dynamic  range  and  number  o i  energy  channels. 
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This  versatility  is  derived  from  two  features  of  the  design: 

1.  Electronic  functions  are  controlled  by  a  microprocessor  whose  firmware  is 
contained  in  four  replaceable  programmable  memories. 

2.  Mechanical  parameters  of  the  analysis  and  detection  system  may  be  varied. 

The  components  t|f  the  instrument  are  readily  accessible.  In  the  two  flight 
models,  ail  componeftts  are  at  the  first  level  of  reliability  above  commercial  grade 
wherever  such  were  available. 

The  microprocessor  basis  of  the  instrument  logic  provides,  apart  from  adaptability 
in  scientific  application,  compatibility  with  other  such  systems  and  with  computer 
control  in  a  more  complex  architecture.  These  final  design  versions  are  a  significant 
technical  advance  beyond  the  concept  envisaged  in  the  RFP,  IRT  proposal  and  the  R&D 
Design  Evaluation  Report  (Ref  1)  associated  with  this  project. 

The  spectrometers  are  shown  in  both  open  and  closed  form  in  Figures  1.1 
through  1.7. 
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2.  MECHANICAL  DESIGN 


The  assembly  diagram  for  the  flight  models  appears  in  Figure  2.1.  Information  on 
the  design  of  the  prototype  unit  has  appeared  elsewhere  (Ref  3).  There  are  differences 
between  the  prototype  and  flight  model  designs  which  are  discussed  in  appropriate 
sections  and  summarized  in  the  concluding  discussion. 

The  machined  metallic  parts  for  the  spectrometers  were  made  from  various 
aluminum  alloys.  The  base  plate  (Figure  2.2)  was  milled  from  a  3/4  inch  block  of 
6061  T4  alloy,  heat  treated  and  stress  relieved.  Provisions  for  all  subsystems  are  seen 
in  Figures  2.1  and  2.2.  The  remaining  space  is  occupied  by  the  Multiwire®  circuit 
board.  High  voltage  supplies  (Venus  Q302)  for  the  detection  and  analyzer  plates  are 
secured  in  semi-cylindrical  supports  (Item  11,  Figure  2.1;  Note  2,  Figure  2.2).  The 
detector  holder  assembly  of  Figure  2.3  (Items  12  and  13  of  Figure  2.1)  is  formed  from 
Delrin  and  may  be  adjusted  in  analyzer  exit  length  as  a  means  of  varying  energy  channel 
width. 

The  analyzer  assembly  of  Figure  2.4  (Items  7,  8  and  9  of  Figure  2.1)  consists  of 
two  cylindrical  section  plates  with  the  outer  grounded  to  the  base  and  the  inner 
structure  of  Delrin  containing  the  convex  (negative)  plate.  The  collimation  system  for 
the  analyzer  (Figures  2.5  through  2.8,  Items  3,  4  and  5  of  Figure  2.1)  consists  of 
interchangeable  sets  of  three  rectangular  baffles  each,  which  define  the  field  of  view 
from  the  center  of  the  entrance  plane  of  the  cylindrical  selector. 

2.1  DETECTOR  ASSEMBLY 

The  detector  is  a  Model  4013C  channel  electron  multiplier  with  attached  collec¬ 
tion  cap  and  electrodes.  It  is  mounted  in  a  base  machined  from  a  block  of  black  Delrin. 
Grooves  in  the  base  and  lid  are  cut  to  suit  the  channeltron  and  it  is  held  securely  by  the 
two  pieces.  Dimensions  of  the  multipliers  are  not  held  to  tight  tolerances  by  the 
manufacturer,  and  hence  tailoring  of  the  mounting  channels  was  determined  a  poster¬ 
iori.  The  fits  were  deemed  satisfactory  enough  to  obviate  the  use  of  a  potting  material 
for  the  detectors.  Access  to  the  channeltrons  is  thus  maintained. 


The  detector  is  a  270  degree  continuous  electron  multiplier  with  an  aperture 
formed  as  a  3  mm  diameter  cone.  Details  of  their  characteristics  and  performance  may 
be  found  in  Reference  2. 

The  two  electrodes  are  attached  by  low-temperature  solder  to  pins  on  the  outside 
of  the  mounting  base  to  relieve  strain  from  the  multiplier  itself.  The  detector  entrance 
is  shielded  by  a  hemispherical  cap  (Item  1,  Figure  2.8)  at  ground  potential,  which 
provides  mechanical  protection  and  reduction  in  excitation  and  dielectric  charging  from 
scattered  particles  and  secondaries  under  working  conditions. 

The  detection  length,  between  the  exit  plane  of  the  curved  plates  and  the 
multiplier  entrance,  may  be  varied  in  order  to  alter  energy  response  characteristics.  It 
may  be  secured  in  position  by  screws  (Items  18  and  19  of  Figure  2.1)  to  the  base  plate. 

2.2  ANALYZER  (ENERGY  SELECTOR)  ASSEMBLY 

The  electrostatic  plate  assembly  of  Figure  2.4  consists  of  three  sections.  The 
frame  (Item  1)  is  milled  from  aluminum  alloy  and  serves  as  the  ground  (positive)  plate. 
A  Delrin  holder  (Item  3)  is  bolted  into  the  frame  and  contains  the  conducting  innner 
(negative)  plate.  The  active  areas  of  each  plate  subtend  32  degrees,  running  the  length 
of  the  selector  and  are  2  cm  wide.  Their  separation  throughout  the  arc  is  0.35  cm.  The 
radius  of  the  central  path  is  7  cm.  Each  is  serrated  to  a  depth  of  0.25  mm,  at  intervals 
of  0.8  mm  in  the  manner  shown,  in  order  to  reduce  scattering  of  particles  and  photons 
into  the  detector. 

2.3  COLLIMATOR 

The  entrance  collimator  is  formed  as  a  base  and  two  side  plates  with  slots  for 
three  field  stops  which  define  entrance  angles  to  the  analyzer  plates.  The  horizontal 
inner  dimension  of  the  steps  has  the  primary  effect  on  integral  energy  response  as  it 
defines  trajectories  with  respect  to  the  vertical  (analyzing)  axis.  The  sets  define  total 
angles  of  10,  12,  16  and  20  degrees.  Their  inner  surfaces  are  beveled  to  semi-knife 
edges  to  reduce  the  effects  of  scattering  and  secondary  production. 

The  lid  of  the  assembly  (Item  2  of  Figure  2.8)  forms  a  shield  to  prevent  escape  of 
particles  into  the  space  between  the  collimator  and  analyzer  plates.  Field  stops  may  be 
changed  after  removal  of  the  collimator  cover. 
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2.4  SPECTROMETER  COVER 


The  cover  for  the  instrument  is  shown  in  Figure  2.9.  It  is  an  easy  fit  over  the  base 
plate  and  is  secured  by  4-40  flat  head  screws.  The  front  surface  contains  apertures  for 
the  collimator  entrance  and  for  the  sun  sensor  photodiode.  These  openings  are 
protected  in  storage  and  transit  by  press-fit  teflon  covers.  The  rear  surface  contains 
the  Cannon  DA  15P  male  connector.  The  instrument  model  (P,  F1,F2)  is  identified 
beside  the  connector. 

After  removal  of  securing  screws,  the  cover  may  be  removed  carefully,  favoring 
the  front  to  avoid  damage  to  internal  connections  between  the  plug  and  circuit  board. 

2.5  MOUNTING  FOOTPRINT 

The  mounting  and  field-of-view  provisions  for  the  instrument  are  shown  in 
Figure  2.10.  Securement  to  a  platform  may  be  made  by  sixteen  4-40  screws. 
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3.  ELECTRICAL  DESIGN 

Schematics  for  the  analog  and  digital  electronic  systems  of  the  spectrometer  are 
shown  respectively  in  Figures  3.1  and  3.2.  Figure  3.3  gives  the  location  of  units  on  the 
circuit  board.  The  aim  of  the  design  was  to  achieve  a  high  reliability  for  the  system, 
together  with  low  power  consumption.  CMOS  devices  were  used  wherever  possible,  and, 
when  available,  components  had  reliability  ratings  to  MIL-STD-883C.  Thus,  in  the 
flight  models,  all  except  the  protection  zeners,  the  photodiode  and  the  EPROMs  have 
this  rating.  In  the  prototype  model  all  components  are  commercial  grade.  The 
maximum  power  required  is  1.5  watts. 

3.1  ANALOG  CIRCUITRY 

3.1.1  dc  Supply  Power  Circuit 

The  instrument  is  designed  to  accept  a  primary  supply  voltage  of  24  to  30  volts 
(specified  as  a  nominal  28  volts).  The  +15  volts  required  by  the  electronics  is  generated 
by  U33  (Integrated  Circuits,  Inc.  MSR2815D  dc-to-dc  converter).  The  +5  volts  required 
for  the  logic  circuitry  is  generated  by  U34  (L305H  voltage  regulator)  which  runs  off  the 
+  15  volt  supply.  The  Til  provision  of  Figure  3.3  for  zener  protection  was  retained 
inadvertently  after  a  design  revision,  and  should  not  be  used. 

3.1.2  Amplifier/Discriminator  and  Counter  Circuit 

The  amplifier/discriminator  (U24-Amptek  Model  101)  can  be  exercised  in  two 
ways.  The  first  is  in  its  normal  configuration  of  a  proton  event  discriminator  wherein 
the  input  signal  comes  from  the  channeltron.  In  the  second  configuration,  the 
amplifier/discriminator  receives  its  input  signal  from  the  microprocessor.  This  signal  is 
supplied  to  TP1  and  provides  a  method  whereby  the  amplifier/discriminator  can  be 
functionally  checked.  The  check  consists  of  a  predetermined  number  of  pulses  being 
applied  to  TP1.  This  number  can  then  be  compared  to  the  number  of  pulses  "seen"  by 
the  amplifier/discriminator  as  stored  in  the  two  12- bit  counters. 
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The  counters  (U1S  and  U19)  are  12-bit  counters  cascaded  together,  allowing  a 
24 

maximum  count  of  2  .To  preclude  unwanted  counts  from  being  registered,  the  output 
of  the  amplifier/discriminator  is  ANDed  (U21)  with  a  signal  from  the  microprocessor 
which  acts  as  an  enable/disable  control  of  the  counters.  The  counters  also  have  a  reset 
under  microprocessor  control. 

3.1.3  High-Voltage  Circuit 

The  negative  high  voltages  for  the  detector  (channeltron)  and  the  analyzer  are 
generated  by  two  Venus  Q30Z  power  supplies  (Z1  and  Z2).  These  supplies  have  a  0.5  to 
3  kV  dc  output  which  is  proportional  to  a  2  to  12V  dc  input.  The  detector  is  connected 
directly  across  one  of  the  power  supplies  (Zl)  which  has  its  positive  output  terminal  at 
chassis  ground.  The  analyzer  is  connected  across  both  power  supplies  which  are  in  a 
bucking  configuration  such  that  the  analyzer  is  at  a  potential  equal  to  the  difference  in 
the  output  voltages  of  the  two  supplies. 

The  system  is  designed  to  allow  one  of  three  detector  voltages  to  be  selected. 
These  voltages  are  nominally  -2200,  -2400  and  -2600  volts.  The  three  dc  input  control 
voltages  to  Zl  to  yield  these  three  detector  voltages  are  generated  by  connecting  the 
+  15  Vdc  supply  to  the  input  of  Zl  through  one  of  three  analog  switches  (U30,  U31,  U32). 
These  switches  are  Harris  HI  1-5049  and  are  single-pole  four-throw  units  that  are 
switched  by  logic  commands  generated  by  the  microprocessor  and  decoded  by  the  logic 
gates  of  U29  and  U21.  Each  switch  has  its  four  sets  of  contacts  wired  in  parallel  so 
that  the  "on"  resistance  of  the  switch  will  be  reduced  to  less  than  7.5 ft,  according  to 
the  manufacturer's  specifications.  In  series  with  each  switch  and  the  +15  Vdc  supply  is 
a  Vishay  Model  1285  100012  trimmer  (R7,  R8,  R9).  These  trimmers  are  used  to  fine 
tune  the  input  voltage  to  the  detector  power  supply  (Zl).  The  trimmers  are  26  turn 
potentiometers  selected  for  temperature  coefficient  and  shock  and  vibration  resistance. 

The  dc  control  voltage  to  the  second  power  supply,  Z2,  is  generated  by  a  14-bit 
digital  code  inputted  to  U20  (Datel  DAC-HA14B  D/A  converter).  The  reference 
(nominally  -12  Vdc)  for  the  D/A  converter  comes  from  the  -15  Vdc  supply  and  is  fine 
tuned  with  R21,  a  Vishay  Model  1285  trimmer  (described  above).  The  output  of  the  D/A 
converter  is  connected  to  U25  which  is  a  Harris  HA-2530  operational  amplifier.  This 
acts  as  a  current-to-voitage  converter,  and  the  output  voltage  of  the  op  amp  drives 
power  supply  Z2.  With  14  bits  of  resolution,  the  least  significant  bit  is  theoretically 
worth  0.18V  on  the  output  of  Z2. 
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Figure  3.1.  Analog  schematic 
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The  bias  for  the  channeltron  (V  )  is  supplied  by  the  dc-to-dc  converter  Z1  (Venus 
Q30Z)  controlled  from  U30,  U31  and  U32.  The  entrance  of  the  multiplier  may  be  held 
at  voltages  of  -2200V,  -2400V  or  -2600V.  The  collection  end  of  the  detector  is  held 
above  case  ground  by  a  1  Vtfi  resistor. 

The  14-bit  analog  accuracy  available  from  the  D/A  converter  (U2Q)  is  used  to 
control  the  output  of  the  operational  amplifier  (U25),  which  in  turn  is  the  input  to  the 
high-voltage  dc-to-dc  converter  Z2.  The  output  of  Z2  floats  as  a  positive  voltage  or 
the  negative  output  of  Zl,  the  difference,  with  respect  to  case  ground  becoming  the 
negative  plate  potential  (V  ).  The  Z2  output,  and  hence  the  analyzer  voltage,  is 
determined  from  a  look-up  table  in  memory.  The  theoretical  accuracy  for  the  plate 
voltage  is  +0.1  V. 

As  Zl  and  Z2  are  relatively  high-power  devices,  there  is  a  tradeoff  determined 
between  power  requirements  in  this  subsystem  and  response  times  (and,  to  a  lesser 
extent,  stability)  of  the  analyzer  voltage.  Zl  is  loaded  with  the  detector  and  a  300  MR 
resistor  in  parallel,  a  total  of  about  200  Mft.  Z2  is  loaded  with  100  M  .  Under  these 
conditions  maximum  power  consumption  by  the  two  converters  alone  (disregarding  the 
efficiency  of  U20)  is  about  300  mW.  Increasing  the  loads  to  a  maximum  rating  would 
raise  the  requirement  to  1500  mW.  Specifications  for  Zl  and  Z2  are  shown  in 
Appendix  A. 

Differential  voltages  for  Zl  and  Z2  are  set  digitally  in  the  look-up  table.  The 
analog  voltages  are  then  tuned  in  the  following  manner: 

1.  The  detector  bias  (Vc)  is  set  to  -2200V  (Step  01)  using  trimming  resistor  R7. 

2.  Analyzer  voltage  (V  )  for  Step  0  (000)  is  set  to  -7.3V  with  R21. 

a 

3.  Analyzer  steps  1  to  7  are  then  measured  and  noted. 

4.  Steps  (2)  and  (3)  are  repeated  for  a  -2400V  bias  (10)  and  Va  (000)  set  to  -7.3 
with  RS. 

5.  Steps  (2)  and  (3)  are  repeated  for  V_  =  2600V  with  V_  (000)  set  to  -7.3  with 

C  a 

R9. 

Results  from  these  procedures  for  the  three  models  are  given  in  Section  4. 

With  V-  =  2200V  the  average  gain  of  the  detectors  is  over  10^.  The  charge  pulse 
appearing  at  the  collector  cap  is  taken  out  by  shielded  cable  through  capacitor  C4  into 
the  charge  sensitive  amplifier  /discriminator  U24.  This  is  an  Amptek  A 101  PAD  which 
is  sensitive  to  charge  pulses  down  to  106  electrons.  Its  specifications  are  shown  in 
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Appendix  C.  The  discrimination  level  is  set  by  the  value  of  R26.  Without  a  trimming 
capacitor  to  increase  pulsewidth,  its  output  is  a  +5V  square  pulse  of  width  220  ns.  This 
pulsewidth  provides  a  known  counting  rate  dead  time  for  the  spectrometer. 

An  entry  port  (TP1)  is  provided  for  pulsed  input  (1  to  5V)  to  test  counter 
functions. 

3.2  DIGITAL  ELECTRONICS 

The  schematic  of  the  microprocessor  circuitry  is  shown  in  Figure  3.2.  The 
auxiliary  circuit  schematics  for  the  I/O  simulator  and  the  EPROM  programmer  are 
shown  in  Figures  3.4  and  3.5. 

The  following  sections  describe  the  programming  and  logic  used  in  the  instrument. 
3.2.1  Initialization 

This  set  of  software  is  used  to  initialize  the  instrument.  When  power  is  applied 
the  CPU  is  driven  to  location  00  and  the  first  function  is  to  disable  the  interrupt  until  it 
is  needed  to  recognize  the  Sun.  The  initial  condition  of  the  registers  is  as  follows: 

R0 

R1  =  02B3  Interrupt  Pointer  Address 

R2  =  8C6E  Check  Sum  Storage  Address 

R3  =  0210  Output  Subroutine  Address 

R4 

R5 

R6 

R7  =  02 
R8 
R9 
RA 

RB  =  0000  Timer 
RC 

RD  =  00 
RE 

RF  a  0200  used  as  the  addresses  for  output  volts. 
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The  Check  Sum  is  accomplished  starting  at  location  21  and  completed  at  location  31. 
The  Check  Sum  is  accomplished  by? 

X  REG  Assigned  to  RB,  RB  =  0000  Putting  RD.l  into  D,  Adding  M(R(X))  +  D-»D 
Putting  that  sum  into  D.l,  incrementing  B  and  subtracting  03  to  determine  the 
end  of  the  routine  by  testing  D  for  not  equal  to  zero,  if  it  is  not  equal  to  zero 
branch  to  location  22  with  the  new  address  that  is  in  RB  and  repeating  the  add 
operation  until  RB.l  =  03,  at  which  time  the  contents  of  D.l  are  stored  relative  to 
R2  which  has  the  address  8C6E.  The  Check  Sum  in  8  bits  is  stored  at  8C6E 
and  D.l. 

3.2.2  Test  Counter 

This  routine  tests  the  24-bit  data  counter  to  determine  that  its  operation  is 
acceptable.  This  is  accomplished  by  putting  FE00  counts  into  the  counter  and  checking 
the  output  for  that  number.  The  routine  is  implemented  in  the  following  way. 

REG  F  is  set  to  0201,  the  address  of  the  control  bits  that  resets  the  data  counter 
via  the  out  7  command.  REG  E  is  set  to  FE00,  the  value  which  will  be  countdown.  Q  is 
reset.  Q  will  be  the  counter  driver  and  is  switched  to  the  counter  input  with  the 
instruction  that  is  stored  at  location  241.  The  sequence  starting  at  23D  sets  the  X  REG 
to  F,  resets  the  counter,  relieves  the  reset  and  diverts  the  Q  output  to  the  amplifier 
input  that  drives  the  counter.  Q  is  set,  E  is  decremented,  Q  is  reset,  E  is  tested  for 
zero;  if  E  is  not  zero  the  program  loops  back  to  set  Q  again  and  the  loop  continues. 
When  E  is  equal  to  zero,  the  count  is  stopped  and  data  from  the  counter  is  input  to  D 
and  tested  for  the  correct  data,  i.e.,  00FEXX.  The  LSB  of  D.l  is  set  with  a  1  if  the  test 
is  successful  and  a  zero  if  the  test  was  unsuccessful.  Register  D.l  contains  diagnostic 
data.  The  LSB  from  the  Check  Sum  is  discarded.  The  diagnostics  are  complete  and  D.l 
is  not  used  or  read  except  to  output  data.  The  program  branches  to  location  0035. 

3.2.3  Input  Subroutine 

The  address  for  the  input  subroutine  is  completed  by  adding  0090  to  R7.  R7  now 
contains  0290,  the  address  of  the  input  subroutine.  The  branch  is  accomplished  by 
changing  the  program  counter  to  REG  7  with  the  instruction  SEP  R7  (D7). 

At  location  290  the  program  branches  to  280  to  set  up  and  save  register  values. 
The  bit  counter  R6.0  is  loaded  with  08  (the  number  of  bits  in  the  input  word),  the  low 
order  bits  of  RF.O  are  saved  in  RE.0.  This  address  is  saved  in  order  to  preserve 


35 


continuity  from  wherever  the  program  came  and  to  use  the  REG  F  for  the  input 
subroutine.  REG  F  is  then  loaded  with  the  address  0209  (08).  08  is  the  acknowledge 
command  when  out  7  is  executed.  The  X  REG  is  then  set  to  REG  F  and  the  program 
branches  to  location  0292  which  awaits  an  input  command.  After  receipt  of  an  input 
command  the  system  clock  going  high,  the  acknowledge  command  is  output  with  out  7. 
(RF(020A)).  When  the  system  clock  goes  low,  the  contents  of  R5.1  are  loaded  into  D 
and  a  shift  left  command  is  given  (0  LSB  of  D).  EF2,  the  command  input,  is  tested  for 
zero.  A  zero  causes  the  contents  of  D  to  be  stored  in  5.1,  the  bit  counter  decremented 
and  tested  for  zero.  If  the  bit  counter  is  zero,  the  program  branches  to  EXIT,  restores 
RF  to  the  original  value  and  the  program  counter  is  reselected  to  be  REG  0.  If  a  one 
was  detected  on  EF2,  an  01  is  added  to  D,  and  the  data  stored  in  5.1,  bit  REG,  is  tested. 
The  bit  register  will  be  zero  when  eight  data  bits  have  been  read  and  stored  in  R5.1. 
REG  5.1  contains  the  command  word  that  was  last  received.  After  the  initial  reading 
of  the  command  word,  the  program  would  normally  jump  to  location  39  (EXECIN). 
When  the  system  clock  =  1,  register  5.1  is  transferred  to  REG  5.0  and  REG  6.1. 
REG  5.1  is  then  loaded  with  00. 

3.2.4  Execute  Same  Command 

If  the  command  is  to  be  repeated,  the  entry  is  at  location  041. 

The  X  REG,  REG  2  for  the  interrupt  is  set  to  8C6E.  R2  will  be  the  X  register. 
The  command  in  6.1  is  read  into  the  D  REG.  The  input  command  is  tested  for  "IGNORE 
THE  SUN  SENSOR"  (01),  the  seventh  bit.  The  interrupt  is  disabled  if  the  sun  sensor  is 
to  be  ignored  and  enabled  if  it  is  required. 

The  input  word  is  entered  into  D  and  tested  for  the  sweep  or  dwell  mode.  The 
dwell  mode  is  true  if  bits  5  and  6  are  true,  the  exclusive  or  will  cause  the  register  to  be 
zero  if  it  '  true  and  the  program  will  jump  to  location  1 60  and  execute  the  dwell  mode. 
If  it  is  not  zero,  the  program  jumps  to  location  00F0  which  is  the  start  of  the  sweep 
mode. 

3.2.3  Dwell  Mode 

The  initial  step  is  to  ask  if  an  input  command  is  ready.  If  a  notify  command  is 
present,  the  program  would  jump  to  read  the  command  and  then  return  to  location  169. 
Register  7  should  always  contain  the  address  of  the  input  routine  except  when  that 
routine  is  being  executed. 
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The  current  command  is  read  into  D  and  anded  with  F8  to  delete  the  least 
significant  three  bits.  The  remains  is  shifted  two  places  to  the  right  to  form  part  of  the 
address  for  the  voltage  data.  This  value  is  part  of  the  address  for  the  X  register  which 
will  be  the  A  register,  and  is  stored  in  RA.O.  The  high-level  address  is  03  and  is  stored 
in  RA.l.  The  voltage  data  address  is  now  complete  (03XX)  =  0000  0011  QXXXXX0,  the 
start  is  always  at  even  number.  The  X  REG  is  set  to  A  and  the  sun  sensor  storage 
location  is  checked  to  see  if  the  sun  has  been  seen  in  order  to  not  override  and  turn  on 
the  power  supplies.  If  the  sun  has  been  seen,  the  routine  continues  without  the 
prescribed  power  supply  voltage.  If  it  has  not  been  seen,  the  power  supplies  are  set 
with  the  output  commands  and  the  routine  continues. 

The  countdown  time  is  set  to  10  seconds,  RB  the  countdown  register  is  loaded 
with  0500  and  the  X  REG  address  is  set  to  201.  The  contents  contains  the  command  to 
reset  the  counter.  The  X  REG  is  assigned  to  RF.  Following  the  reset  command  the 
reset  is  relieved  and  the  divided  down  system  clock  called  "SLOW  CLOCK"  is  activated. 
A  50  ms  delay  is  generated  and  executed.  The  program  then  looks  to  see  if  an  input 
command  is  ready;  if  not,  the  program  awaits  the  system  clock  going  high,  after  which 
the  data  counter  is  enabled  for  ten  seconds  by  decrementing  the  B  register  to  zero  and 
then  disabling  the  data  counter.  The  input  command  is  interrogated;  if  not  active,  the 
data-ready  command  is  generated  (at  01B5)  and  the  system  awaits  the  acknowledge 
command.  After  acknowledge  is  received,  the  bit  counter  R6.0  is  loaded  with  08  and 
the  first  eight  bits  of  data  from  the  data  counter  is  input  to  the  D  register  and  the 
output  subroutine  located  at  the  address  (0210)  in  R3  is  called. 

3.2.6  Output  Subroutine 

The  output  subroutine  outputs  data  via  the  Q  line  based  on  the  data  in  D  and  the 
number  of  stored  bits  in  the  bit  counter  (R6.0).  The  data  is  shifted  to  the  left,  which 
causes  the  MSB  to  be  shifted  into  DF  and  Q  is  set  to  the  same  state  as  DF  when  the 
system  clock  goes  to  1.  This  process  continues  until  the  bit  counter  is  decremented  to 
zero  and  the  routine  drives  back  to  where  it  came  from  and  executes  the  next 
instruction.  In  this  case  the  return  is  to  location  01BF.  The  bit  counter  is  loaded  with 
08,  the  second  eight  bits  of  data  are  loaded  from  the  data  counter  to  the  D  register  and 
the  output  subroutine  is  used  to  output  the  data  via  the  Q  line.  The  third  set  of  eight 
bits  is  then  loaded  and  output.  Following  transmission  of  the  third  set,  the  program 
goes  back  to  01CA  and  the  bit  counter  is  loaded  with  Oft  to  output  three  energy  bits  and 
the  sun  sensor  status  bits. 
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Following  the  above  four  bits,  the  command  word  (eight  bits)  is  taken  from  R6.1 
and  put  in  the  D  register  for  transmission.  The  last  eight  bits  to  be  transmitted  is  the 
diagnostic  data  that  is  stored  in  D.l.  After  that  transmission  the  data  ready  line  is 
taken  to  zero  and  Q  is  reset.  Summarizing, 

SWEEP  Mode  Register  Designation 
RA  =  Voltage  Output  Code 
RB  =  SWEEP  Time 
RF  =  0201 

RE  =  BOBO  ~500  ms 

SEX  RF 

REG  C  =  8C00 

R6.0  =  SWEEP  CNTR  (Number  of  Steps)  =  08 
RB  is  put  in  R8 

RE  =  E  REG  set  to  1010  ~50  ms. 

The  output  word  consists  of  the  following:  (1)  Twenty-four  bits  of  counter  data, 
(2)  four  bits,  the  last  of  which  is  sun  status,  (3)  the  command  word,  (4)  the  diagnostic 
data;  the  first  seven  bits  is  the  Check  Sum,  the  last  bit  is  the  counter  test  status  where 
a  one  is  acceptable,  a  zero  indicates  a  fault. 

3.2.7  New  Command/Old  Command 

The  future  command  register  is  loaded  into  D  from  R5.1  and  tested  for  a  zero.  If 
it  is  zero,  the  program  branches  to  "SAME  COMMAND"  at  location  0041.  If  R5.1  is 
nonzero,  the  program  branches  to  EXECIN  at  location  0039  where  the  "NEW"  command 
is  loaded  into  R5.0  and  R6.1  and  5.1  is  set  to  00  and  the  program  then  proceeds  to 
location  004 1  and  the  command  is  executed. 

3.2.8  Sweep  Mode 

The  sweep  mode  (Location  61)  is  executed  if  the  dwell  mode  is  not  selected.  If 

bits  l  and  2  are  one,  the  dwell  mode  is  selected.  The  code  in  bits  1  and  2  dictates  the 

sweep  time. 

The  code  immediately  branches  to  location  FO  where  the  channeltron  code  is 

shifted  to  the  low  order  of  REG  A  and  the  high  order  set  to  03.  The  address  that  is 

located  in  REG  A  is  03X0,  00000011  00XX0000.  The  program  then  branches  back  to 
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location  068  where  the  sun  sensor  is  tested  for  a  positive  indication  prior  to  setting  the 
initial  values  for  the  power  supplies.  If  the  sun  has  not  been  seen,  the  voltages  are  set 
by  setting  the  X  REG  to  RA  and  outputting  the  values  from  the  address  in  RA. 

The  countdown  timer  R8  is  set  to  0000  and  the  sweep  time  is  broken  out  of  the 
command  word  with  the  instruction  AND  IMMED  06.  If  zero,  the  time  is  0.25  s,  if  the  1 
bit  is  set  the  time  is  10  seconds  and  the  other  choice  is  one  second.  Based  on  the  sweep 
time,  the  countdown  timer  is  set  to  0020  for  0.25  second,  0080  for  1.0  second  and  0500 
for  10  seconds. 

3.2.9  Check  Input  Command  Request 

The  notify  line  is  tested  to  see  if  a  new  command  is  being  sent.  The  input 
command  is  read  by  the  input  subroutine. 

Following  the  input  command  inquiry  the  F  REG  is  set  to  0201  by  setting  the 
lower  order  bits  to  01.  A  delay  of  500  ms  is  set  and  executed  by  counting  down  the  E 
register  from  BOBO  to  zero. 

The  data  counter  is  reset  by  an  output  to  port  7  of  10,  the  reset  command,  the 
reset  command  is  relieved  and  the  slow  clock  ~1  kHz  started.  The  data  storage  is 
initialized  at  8C00  and  the  address  is  located  in  register  C.  The  sweep  register  or  the 
number  of  analyzer  steps  is  set  to  08  and  put  in  register  6.0.  The  sweep  time  is  saved  ir 
register  8.  The  delay  time  of  50  ms  is  set  into  the  E  register  and  the  delay  is  exercised. 
The  delay  is  required  to  allow  the  power  supplies  to  settle.  When  the  clock  goes  high 
the  data  counter  is  enabled  and  REG  8  is  decremented  to  zero  the  countdown  for  sweep 
time.  When  the  countdown  is  complete,  the  data  counter  is  disabled.  Data  is  stored  in 
locations  that  are  addressed  by  REG  C.  The  first  eight  bits  from  the  input  port  is 
stored  in  8C00,  second  in  8C01,  third  in  8C02.  The  D.O  register  is  stored  in  8C03.  The 
second  set  of  data  is  stored  in  8C04  through  8C07,  the  third  in  8C08  through  8C0B,  etc. 
The  sweep  code  is  stored  in  the  three  most  significant  bits  of  REG  D.O. 

The  sweep  count  is  decremented  and  tested  for  zero.  If  not  zero,  the  cycle  is 
repeated  with  new  voltages.  When  the  sweep  is  complete  the  data  is  output  at 
location  0100. 

3.2.10  Sun  Sensor  Response 

The  sun  sensor  is  connected  to  the  interrupt  input  of  the  CPU.  During 
"INITIALIZE"  the  R1  register  is  set  to  02B3  the  address  of  the  interrupt  processing. 
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When  the  input  command  is  executed,  the  sun  sensor  register  (D.O)  is  set  to  zero. 
The  input  command  in  5.0  is  looked  at  to  see  if  the  "IGNORE  THE  SUN  SENSOR" 
command  was  received,  bit  7,  #01.  If  the  "IGNORE"  command  was  received,  then  the 
X  REG  is  set  to  zero  and  the  interrupt  is  disabled.  If  "DO  NOT  IGNORE"  was  received, 
the  program  jumps  to  location  0056  (X  to  0)  and  the  interrupt  enabled  by  using  the 
return  (70)  instruction.  At  the  start  of  the  sweep  and  dwell  modes  the  sun  sensor 
register  D.O  is  looked  at  prior  to  setting  the  voltages  to  be  sure  that  an  activated 
interrupt  is  not  overridden.  When  new  voltages  are  to  be  set  the  sun  sensor  register 
(D.O)  is  looked  at  prior  to  setting  new  voltages  so  that  the  interrupt  is  not  overridden. 

3.2.11  Interrupt  Routine 

After  the  interrupt  is  enabled  (return)  and  the  sun  sensor  sees  the  sun,  the 
program  jumps  to  location  0283.  Register  2  was  initialized  at  8C6E.  The  contents  of 
R2  are  decremented  to  8C6D  and  the  save  instruction  is  given,  storing  X  and  P  register 
numbers  in  8C6D.  R2  is  decremented  to  8C6C  and  the  CPU  "D"  register  (accumulator) 
is  stored  in  8C6C  and  the  X  REG  is  decremented  with  the  STXD  instruction  R2  =  8C6B. 
RF.O  is  stored  in  8C6B  and  R2  is  decremented  to  8C6A.  RF.l  is  stored  in  8C6A  and  R2 
is  decremented  to  8C69.  The  sun  sensor  status  is  set  true,  D.O  contains  (10).  The  F 
register  is  set  to  0200;  0200  contains  00.  The  F  REG  is  set  to  the  X  REG  and  the  out  1, 
out  2  instructions  are  given,  along  with  keeping  RF  set  to  0200.  This  operation  causes 
the  power  supplies  to  be  set  to  zero. 

In  order  to  exit  the  interrupt  routine  without  enabling  the  interrupt,  the 
instructions  set  P  and  set  X  are  manufactured  based  on  the  contents  of  8C6D.  The 
original  value  for  X  and  P  was  stored  in  this  location  with  the  save  instruction.  The  "X" 
bits,  the  four  MSB's  are  deleted  with  the  and  immediate  #OF  and  DO  is  or'd  with  the 
value  to  obtain  the  set  P  instruction  "DN."  The  DN  is  stored  in  8C6D  relative  to  the 
X  REG  which  is  R2.  R2  is  decremented  to  8C6C.  The  X  REG  is  set  to  F,  whose 
contents  contain  8C6D.  The  contents  of  8C6D  (X,P)  is  loaded  into  the  accumulator  and 
shifted  four  bits  to  the  right  which  puts  the  value  of  X  in  the  four  LS  bits.  The  set  X 
instruction  is  formed  by  ORING  EO  with  the  X  value  and  EX  is  obtained.  This  value  is 
stored  relative  to  X  (R2  set  to  X)  at  location  8C6C  and  R2  is  decremented  to  8C6B. 
The  exit  instructions  will  be  EX  and  DN,  which  sets  X  and  P  to  the  original  values. 

The  F  register  and  the  D  accumulator  is  restored  by  incrementing  the  X  REG  and 
R2  three  places  to  8C6E. 


3.3  CHECKOUT  OF  ANALYZER 

1.  Check  Power  and  GND 

2.  Install  components 

3.  Apply  Power  through  Simulator  Cable,  assuring  that  the  connector  is  keyed 
properly. 

4.  Measure  current  from  2S  Vdc  supply.  Current  should  be  less  than  40  mA. 

5.  Measure  +15,  +5V  outputs  at  appropriate  locations  on  board.  Fifteen  volts  should 
be  +2V,  5V  should  be  +0.5V. 

6.  Check  components  for  overheating,  i.e.,  U25,  U24.  Burned  fingers  require 
removal  of  power  and  proceed  with  locating  problems. 

7.  If  overheating  is  not  a  problem,  proceed  with  the  following  checkout. 

8.  U24  should  have  no  digital  output.  U25  should  be  approximately  0V;  dc 
oscillations  should  not  appear,  except  for  CPU  clock  noise. 

9.  When  power  is  applied,  the  CPU  should  start  by  addressing  location  0000  which 
disables  the  interrupt,  initializes  the  registers,  sets  the  power  supplies  to  zero, 
does  check  sum,  counter  test  (location  230),  then  at  location  38  jumps  to  the  input 
subroutine  (location  290)  and  awaits  an  input  command  from  the  simulator. 
Cursory  checks  are  made  by  looking  with  a  scope  to  see  if  memory  chip  it  1  (U6)  is 
first  addressed  then  jumps  to  memory  chip  #3  (U8)  to  do  counter  test,  back  to  #1 
and  back  to  //3  for  input  routine.  After  a  command  has  been  received  the 
command  should  be  executed. 

10.  Dwell  mode. 
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3.4 

SOFTWARE  LISTING 

INITIALIZE 

00 

DISABLE 

71 

01 

00 

02 

LDI 

F8 

03 

#02 

04 

PHI  R3.1 

B3 

05 

PHI  Rl.l 

B1 

06 

PHI  RF.l 

BF 

07 

PHI  R7.1 

B7 

08 

LDI 

F8 

09 

"00 

QA 

PLO  RF.O 

AF 

0B 

PHI  RB.1 

BB 

OC 

PLO  RB.O 

AB 

0D 

PHI  RD.l 

BD 

0E 

LDI 

F8 

OF 

#B3 

10 

PLO  R1.0 

Ai 

11 

LDI 

F8 

12 

#8C 

13 

PHI  R2.1 

B2 

14 

LDI 

F8 

15 

#6E 

16 

PLO  R2.0 

A2 

17 

LDI 

F8 

18 

#10 

19 

PLO  R3.0 

A3 

1A 

SEX  RF 

EF 

IB 

OUT1 

61 

1C 

DEC  RF 

2F 

ID 

OUT2 

62 

IE 

DEC  RF 

2F 

IF 

OUT  7 

67 

20 

NOP 

C4 

21 

SEX  B 

EB 

22 

GHI  D.1 

9D 

23 

ADD 

F4 

24 

PHI  RD.l 

BD 

25 

INC  RB 

IB 

26 

GHI  RB 

9B 

27 

SUB  IMMED 

FD 

28 

#03 

29 

BNZ 

3A 

2A 

ADDRESS 

22 

2B 

GLO  RB 

8B 

2C 

SDI  SUBIMM. 

FD 

2D 

#FF 

2E 

BNZ  D  V  0 

3A 

2F 

ADDRESS 

22 

X=0,  p=0 


RB  =  0000 
RF  =  0200 


R1  =  02B3 


R2  =  8C6E 


R3  =  0210  OUTPUT  SUBROUTINE 


SET  Hi  Volts  to  Zero 
RF  (201) 


ADD  Contents  of  D  with  Contents 
of  Memory  as  Addressed  by  X 

CHECKSUM 
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30 

GHI  D.l 

9D 

31 

STR  VIA  R2 

52 

32 

LBR 

CO 

33 

ADDRESS 

02 

34 

ADDRESS 

30 

35 

LDI 

F8 

36 

#80 

37 

PLO 

A7 

38 

SEP  D7 

D7 

39  EXECIN 

B4 

37 

3A 

ADDRESS 

39 

3B 

GHI  5.1 

95 

3C 

PLO  5.0 

A5 

3D 

PHI  6.1 

B6 

3E 

LDI 

F8 

3F 

#00 

40 

PHI  5.1 

B5 

41  SAME  CMD 

LDI 

F8 

42 

#8C 

43 

PHI 

B2 

44 

LDI 

F8 

45 

#6E 

46 

PLO  R2.0 

A2 

47 

GHI  6.1 

96 

48 

PLO  R5.0 

A5 

49 

LDI 

F8 

4A 

#00 

4B 

PLO  RD.O 

AD 

4C 

GLO  R5.0 

85 

4D 

ANDI 

FA 

4E 

#01 

4F 

BZ  D=0 

32 

50 

ADDRESS 

E2 

51 

SEX  R0 

E0 

52 

DISABLE 

71 

53 

#00 

54 

BRANCH 

30 

55 

ADDRESS 

59 

56 

SEX  R0 

E0 

57 

RETURN 

70 

58 

#00 

59 

GLO 

85 

5A 

ANDI 

FA 

5B 

#06 

5C 

XRI 

FB 

5D 

#06 

5E 

LBZ 

C2 

5F 

ADDRESS 

01 

60 

ADDRESS 

60 

61  SWEEP 

BRANCH 

30 

62 

ADDRESS 

F0 

63 

C4 

Store  CHECKSUM  in  RAM  8C6E  Check 
Sum  for  Test  Purposes 


Branch  to  Counter  Test  At  Loc  230 


R7  =  0280  INPUT  Subroutine 
Program  Jump  to  the  INPUT  Subroutine 
ESCAPE  when  SYS  CLK  =  1  =  EF4, 

A  NEW  COMMAND  was  RECD. 

5.1  Contains  NEW  COMMAND 
5.1  into  5.0  and 
SAVED  in  6.1 


R5.1  =  00 

ENTRY  HERE  is  a  rerun  of  the 
Old  Command 

XREG  Value  for  the  INTERRUPT. 

R2  Becomes  the  XREG. 

R2  =  8C6E 

Command  is  taken  from  6.1  and  put 
in  5.0 

SUNSENSOR  REG  is  set  to  Zero 
RD.O  =  00 

See  if  Input  Command  Asks  to 
Ignore  SUNSENSOR  by  Looking  at  Bit  7. 

(Patch) 

Do  Not  Ignore  SUNSENSOR 
-  Ignore  SUNSENSOR 
DISABLE  INTERRUPT  If  Asked  to 
Ignore  SUNSENSOR. 


Enable  INTERRUPT 

This  Number  is  Arbitrary  (Value) 

Look  at  CMD  to  Determine  if  the 
Dwell  or  Sweep  Mode  Should  be  Used. 

Exclusive  or  Immed. 

Long  Branch  to  DWELL  MODE 
DWELL  MODE  ADDRESS 

Channeltron  Bias  SWEEP  Time 
7  6  5  4  3  2  1  0  -  SUNSENSOR  Ignore 
Analyzer  Volts 
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64 

65 

66 

67 

68 

69 
6A 
6B 
6C 
6D 
6E 
6F 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 
7A 
7B 
7C 
7D 
7E 
7F 

80 
81 
82 

83 

84 

85 

86 

87 

88  RSTCNTR 

89 
8A 
8B 
8C 
80 
8E 
8F 

90 

91 

92 

93 

94 

95 

96 

97 


GLO  RD.O 
BN  2 

ADDRESS 
SEX  RA 
OUT  t 
OUT  2 
LDI 

PHI  RB.l 
PLO  RB.O 
GLO  R5.0 
ANDI 

BR,D=Q 

ADDRESS 

ANDI 

BR,D=0 

ADDRESS 

LDI 

PLO  RB 
BR 

ADDRESS 

LDI 

PHI  RB 
BR 

ADDRESS 

LDI 

PLO  RB 
B1 

ADDRESS 
SEP  R7 
LDI 

PLO  RF 
LDI 

PHI  RE 
PLO  RE 
DEC  RE 
GHI  RE 
BNZ 

ADDRESS 
SEX  to  F 
OUT  7 


C4 

C4 

C4 

C4 

8D 

3A 

6E 

EA 

61 

62 

F8 

#00 

BB 

AB 

85 

FA 

#06 

32 

85 

FA 

#02 

32 

80 

F8 

#80 

AB 

30 

88 

F8 

#05 

BB 

30 

88 

F8 

#20 

AB 

34 

8B 

07 

F8 

#01 

AF 

F8 

#B0 

BE 

AE 

2E 

9E 

3A 

92 

EF 

67 


If  SUNSENSOR  True  Do  Not  Set 
Output  Voltages 

RA  =  03  X  0 
RA  =  03  X  1 
RA  =  03  X  2 


is  Added  Below. 

Determine  the  SWEEP  Time 


*.25  Sec  * 

*10  Sec* 

*1.0  Sec* 

RB  =  0080  into  TIMER 
♦RSTCNTR* 

RB  =  0500 

RB  =  0020 

Branch  if  Notify  (EF1)  =  0 
READ  an  Input  CMD  if  Notify  =  1 

Set  RF  to  0201 

Delay  500  msec 
RE  *  BOBO 


Reset  Counter 

Output  0001  0000  to  Port  7 


i 


i 


i 

t 

? 

i 

t 

i 
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98 

NOP 

C4 

99 

OUT  7 

67 

9A 

LDI 

F8 

9B 

#8C 

9C 

PHI 

BC 

9D 

LDI 

F8 

9E 

#00 

9F 

PLO 

AC 

A0 

LDI 

F8 

A1 

#08 

A2 

PLO  R6.0 

A6 

TIMER  A3 

GHI 

9B 

A4 

PHI 

B8 

A5 

GLO 

8B 

A6 

PLO 

A8 

A7 

LDI 

F8 

A8 

#10 

A9 

PHI 

BE 

AA 

PLO 

AE 

AB 

DEC 

2E 

AC 

GHI 

9E 

AD 

BNZ 

3A 

AE 

ADDRESS 

AB 

AF 

NOP 

C4 

BO 

B4 

37 

B1 

ADDRESS 

B0 

B2 

OUT  7 

67 

B3 

BN4 

3F 

B4 

ADDRESS 

B3 

B5 

B4 

37 

B6 

ADDRESS 

B5 

B7 

DEC  R8 

28 

B8 

GLO  R8 

88 

B9 

BNZ 

3A 

BA 

ADDRESS 

B3 

BB 

GHI 

98 

BC 

BNZ 

3A 

BD 

ADDRESS 

B3 

BE 

OUT  7 

67 

BF 

SEX  to  C 

EC 

CO 

INP  1 

69 

Cl 

INC 

1C 

C2 

INP  2 

6A 

C3 

INC 

1C 

C4 

INP  7 

6F 

C5 

INC 

1C 

C6 

GLO 

8D 

C7 

STR 

5C 

C8 

INC 

1C 

C9 

ADDI 

FC 

CA 

#20 

CB 

PLO  RD.O 

AD 

RF  =  201  (10) 

RF  =  202  (40)  Slow  Clock,  Relieve  Reset 
Initialize  Data  Storage  Pntr.  to  SC00 

Register  C  =  8C00 


Initialize  SWEEP  CNTR  R6.0  =  08 
or  the  Number  of  Analyzer  Steps 
Countdown  Timer  RB 
RB.l  R8.1 

The  SWEEP  Time  is  Saved 

in  the  B  REG  and  Counted  Down  in 

the  8  REG. 

RE  =  1010  =  50  mSec 


50  mSec  Delay 


ESCAPE  when  Slow  Clock  -  1 

203  =  RF  (60)  Start  Counter 
ESCAPE  when  SLOW  CLK  =  0 

ESCAPE  when  SLOW  CLK  =  1 
SWEEP  TIME 

Decrement  Countdown  Timer 
LOAD  Countdown  And  Test 
for  Zero 


204  =  RF  =  (00)  STOP  CNTR,  FASTCLK 
X  REG  for  Input  Data  is  REG  C. 

8C00  Input  Data  to  RAM 

8C01  Input  Data  to  RAM 

8C02  Input  Data  to  RAM 


8C04D‘°  1010  8C03 

Increment  SWEEP  Code  (Bit  5) 
XXX0  0000 
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cc 

CD 

CE 

CF 

DO 

Dl 

D2 

D3 

DO 

D5 

D6 

D7 

D8 

D9 

DA 

DB 

DC 

DD 

DE 

DF 

EO 

El 

E2 

E3 

E4 

E5 

E6 

E7 

E8 

E9 


DEC 

GLO 

LBZ 

ADDRESS 
ADDRESS 
SEX  RA 
GLO 
AND! 

BNZ 

ADDRESS 
OUT  1 
OUT  2 
SEX  RF 
OUT  7 
NOP 
OUT  7 
LDI 

PLO 

BR 

ADDRESS 

LDI 

PHI  RI 
LDI 

PLO  Rl 
BR 


NOP 

GLO 

ANDI 


26 

86 

C2 

01 

00 

EA 

8D 

FA 

01 

3A 

D9 

61 

62 

EF 

67 

C<t 

67 

F8 

#03 

AF 

30 

A3 

F8 

#02 

B1 

F8 

#B3 

Ai 

30 

56 


DEC  SWEEP  #  COUNT 
Test  for  Complete  and 
If  True  Branch  to  Output  Data 

Not  Zero  Means  the  Sun  was  Seen 

Volta8es  Sh°uld  Net 
Be  Set.  D7  and  D8  are  Bypassed. 


Voltages  are  Output  from 
the  Address  in  A  REG. 

RF  0205  (10)  Reset  Counter 

RF  0206  (00)  Relieve  Reset 
Reset  RF  for  Output  Control 

*™fnr,t0  Take  New  Data 
TIMER*  A  New  Voltage. 

(PATCH) 

Restores  Rl  (2B3) 

Prior  to  Enabling 
the  Interrupt. 


Shift  to  Get  XX00  Bits  to  L.S. 
Post t ion  00XX  and  PLO  RA 


PHI 

BR 

ADDRESS 


RA  =  03  (00XX  0000) 


OUTPUT  DATA  FROM  SWEEP  MODE 


0100 

LDI 

F8 

0101 

#07 

0102 

PLO  RF 

AF 

0103 

LDI 

F8 

0104 

#8C 

0105 

PHI  R.C.l 

BC 

0106 

LDI 

F8 

0107 

#00 

0108 

PLO  R.C.O 

AC 

0109 

C4 

010A 

C4 

010B 

C4 

010C 

C4 

010D 

C4 

010E 

SEX  RF 

EF 

010F 

LDI 

F8 

no 

#08 

111 

PLO  RE 

AE 

112 

BN4 

3F 

113 

ADDRESS 

12 

114 

B4 

37 

115 

ADDRESS 

14 

116 

OUT  7 

67 

117 

BN3 

3E 

118 

ADDRESS 

17 

119 

LDI 

F8 

HA 

#08 

1  IB 

PLO  R6 

A6 

11C 

LDA 

4C 

UD 

SEP  R3 

D3 

HE 

LDI 

F8 

UF 

#08 

120 

PLO  R6 

A6 

121 

LDA 

4C 

122 

SEP  R3 

D3 

123 

LDI 

F8 

124 

#08 

125 

PLO  R6 

A6 

126 

LDA 

4C 

127 

SEP  R3 

D3 

128 

LDI 

F8 

129 

#04 

12A 

PLO 

A6 

12B 

LDA 

4C 

12C 

SEP  R3 

D3 

12D 

DEC  RE 

2E 

12E 

GLOE 

SE 

12F 

BNZ 

3A 

130 

ADDRESS 

19 

RF  =  07 


Initial  RAM  Address 
RC  =  8C00 


RE.O  =  08  =  8  Data  Blocks 

ESCAPE  When  SCLK  (EF4)  =  0 

ESCAPE  When  SCLK  (EF4)  =  1 

0207  =  (80)  Data  Ready 
ESCAPE  When  ACK  (EF3)  =  0 

Load  Data  Via  C  REG. 
and  Advance  C  REG 
Load  Bit  CNTR  with  08 

Go  to  Output  Subroutine 

Load  Bit  CNTR  with  08 

Load  Data  via  C  and  Advance 
Go  to  Output  Subroutine 


Load  Bit  Cntr  with  08 

Load  Data  via  C  and  Advance 

Go  to  Output  Subroutine 

Load  Bit  CNTR  with  04,  Outputs 

SWEEP  Code  and  SUNSENSOR  Bit. 

Load  Via  C  and  Advance 
Go  to  Output  Subroutine. 

Test  for  8  Sets  of  Data 
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8  Times 

8  R6.1  Command  Word 
8  RD.l  Diagnostic  Word 
7  Bits  Check  Sum 
1  Bit  Counter  Test 
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DWELL  MODE 


► 


1 


160 

161 

162 

163 

164 

165 

166 

167 

168 

169 
16A 
16B 
16C 
16D 
16E 
16F 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 
17A 
17B 
17C 
17D 
17E 
17F 

180 
181 
182 

183 

184 

185 

186 

187 

188 

189 
18A 
18B 
18C 
18D 
18E 
18F 

190 

191 


NOP 


NOP 

B1 

ADDRESS 
SEP  R7 
GLO  R5 
AND1 

SHR 

SHR 

PLO 

LDI 

PHI 

SEX  RA 

GLO 

ANDI 

BNZ 

ADDRESS 
OUT  1 
OUT  2 
LDI 

PHI 

LDI 

PLO 

LDI 

PHI 

LDI 

PLO 
SEX  RF 
OUT  7 
NOP 
OUT  7 
LDI 

PHI 

PLO 

DEC 

GHI 

BNZ 

ADDRESS 


C4 

C4 

C4 

C4 

C4 

C4 

34 

69 

D7 

85 

FA 

#F8 

F6 

F6 

AA 

F8 

m 

BA 

EA 

8D 

FA 

01 

3A 

7A 

61 

62 

F8 

#05 

BB 

F8 

#00 

AB 

F8 

#02 

BF 

F8 

#01 

AF 

EF 

67 

C4 

67 

F8 

#10 

BE 

AE 

2E 

9E 

3A 

8E 


Branch  if  CMD  Notify  (EF1)  =  0 

Branch  to  Input  Subroutine 

DELETE  TIMER/SUNSENSOR 
Bits 

Shift  Right  two  Places 
0OXX  XXX0 
REG  A  the  Address 
For  DWELL  Voltages 
RA  =  03  00XX  XXX0 
(EVEN  NUMBERS!) 

Test  SUN  SENSOR 


Do  Not  Output  Voltage 
If  the  SUNSENSOR  is  Set 


RB  =  0500  For  Time 
Count  =  1  sec 

) 

/ 


Index  REG  ADD 
RF  =  0201  (10) 


201  =  (10)  RESET  CNTR. 

202  =  (40)  RELIEVE  RESET  ♦ 
START  SLOW  CLOCK 

1010  RE  +  Countdown  50  Msec 


Countdown  50  Msec 
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Wamili 


iinW'ini  Ui1 ) 


192 

NOP 

C4 

193 

NOP 

C4 

194 

NOP 

C4 

195 

B4 

37 

196 

ADDRESS 

95 

197 

OUT  7 

67 

198 

BN4 

3F 

199 

ADDRESS 

98 

19A 

B4 

37 

19B 

ADDRESS 

9A 

19C 

DEC 

2B 

19D 

GLO 

8B 

19E 

BNZ 

3A 

19F 

ADDRESS 

98 

1 A0 

GHI 

9B 

1A1 

BNZ 

3A 

1A2 

ADDRESS 

98 

1A3 

OUT  7 

67 

1A4 

NOP 

C4 

1A5 

NOP 

C4 

1A6 

NOP 

C4 

1A7 

SEX  RF 

EF 

1A8 

NOP 

C4 

1A9 

C4 

1AA 

C4 

1AB 

C4 

1  AC 

NOP 

C4 

1AD 

INC 

IF 

1AE 

INC 

IF 

1AF 

NOP 

C4 

1B0 

C4 

1B1 

C4 

1B2 

C4 

1B3 

C4 

1B4 

NOP 

C4 

1B5 

OUT  7 

67 

1B6 

BN  3 

3E 

1B7 

ADDRESS 

B6 

1B8 

NOP 

C4 

1B9 

LDI 

F8 

1BA 

#08 

IBB 

PLO  R6.0 

A6 

1BC 

INP1 

69 

1BD 

NOP 

C4 

1BE 

SEP  R3 

D3 

1BF 

LDI 

F8 

ICO 

#08 

1C1 

PLO 

A6 

1C2 

INP  2 

6A 

1C3 

NOP 

C4 

1C4 

SEP  R3 

D3 

1C5 

LDI 

F8 

ESCAPE  When  SCLK  (EF4)  =  1 
203  =  (60)  Start  Data  Counter 
ESCAPE  When  SCLK  (EF4)  =  0 

ESCAPE  When  SCLK  (EF4)  =  I 


One  Second  Countdown 
For  Data  Acquisition 


204  =  (00)  Stop  SCLK  and  Data 
Counter  when  Countdown  is  Comp. 


205 

206 


207  =  (80)  DATA  READY 
ESCAPE  When  ACK  (EF3)  =  0 


Initialize  Bit  Counter 
Input  1st  8  Bits  of  Data  to  D 
Call  Output  Subroutine 
Reset  Bit  Counter 
Input  2nd  8  Bits  of  Data  to  D 
Call  Output  Subroutine 
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1C6 

#08 

1C7 

PLO 

A6 

1C8 

INP  7 

6F 

1C9 

SEP  R3 

D3 

1CA 

LDI 

F8 

1CB 

#04 

ICC 

PLO 

A6 

1CD 

GLO  RD.O 

8D 

ICE 

SEP  R3 

D3 

1CF 

LDI 

F8 

1D0 

#08 

1D1 

PLO 

A6 

1D2 

GHI 

96 

1D3 

SEP  R3 

D3 

ID4 

LDI 

F8 

1D5 

#08 

1D6 

PLO 

A6 

1D7 

GHI 

9D 

1D8 

SEP  R3 

D3 

1D9 

SEX  RF 

EF 

IDA 

OUT  7 

67 

IDB 

REQ 

7A 

1DC 

B1 

34 

1DD 

ADDRESS 

DF 

IDE 

SEP  R7 

D7 

IDF 

GHI 

95 

1EO 

LBNZ 

CA 

1E1 

ADDRESS  (MSB) 

00 

1E2 

ADDRESS  (LSB) 

39 

1E3 

LBR 

CO 

1E4 

ADDRESS  (MSB) 

00 

1E5 

ADDRESS  (LSB) 

41 

Bits 

8 

8 

8 

4 

8 

8 


200 

(00) 

201 

(10) 

202 

(40) 

203 

(60) 

204 

(00) 

205 

(10) 

206 

(00) 

207 

(80) 

208 

(00) 

209 

(08) 

20A 

(00) 

Reset  Bit  Counter 

Output  3rd  8  Bits  of  The  Data  Word 

Call  Output  Subroutine 

Output  4  Bits  of  Analyzer 
Volts  and  SUN  SENSOR  Status 

Callout  Output  Subroutine 


Output  CMD  Word  From  R6.1 
Call  Output  Subroutine 

Load  Bit  Counter 

Output  Diagnostic  8  Bits  from  D.l 
Call  Output  Subroutine 

208  (00)  Reset  DATA  READY 
Reset  Q 

Branch  if  CMD  Notify  (EF1)=0 
Input  CMD  Word 
Load  Next  CMD  (R5.1)  into  D 
If  a  New  Command  was  Received 
Branch  to  EXECIN. 

New  CMD  ADDRESS 
Otherwise  Branch  to  SAME  CMD 

Same  CMD  ADDRESS 

Source 

INI 

2 

1N7 

D.O  SUNSENSOR  &  ANA  VOLTS 
6.1  Command  Word 
D.l  Diagnostic  Bits 
XXXXXXX  X 

CHECKSUM  Counter  Test  Results 

RESET  CNTR 

Slow  Clock 

Start  CNTR 

SWEEP 

Reset  CNTR 

DATA  READY 
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OUTPUT  SUBROUTINE 


EXIT 

ENTER 


020F 

SEP 

DO 

210 

PLO 

A4 

Begin  Output  Subroutine 

211  CONTINUE  GLO 

84 

212 

SHL 

FE 

Shift  Left  MSB  to  DF 

213 

PLO 

A4 

Save  in  R4.0 

214 

B4 

37 

Escape  when  SCLK  (EF4)  =  1 

215 

ADDRESS 

14 

216 

BDF 

33 

Branch  to  Set  Q  if  Data  Bit  =  1 

217 

.ADDRESS 

IB 

218 

REQ 

7A 

Reset  Q 

219 

BR 

30 

Branch  to  DEC  REG 

21A 

ADDRESS 

1C 

21B 

SEQ 

7B 

Set  Q 

21C 

DEC 

26 

DEC  Bit  CNTR  R6 

21D 

BN4 

3F 

Escape  When  SCLK  (EF4)  =  0 

21E 

ADDRESS 

ID 

21F 

GLO 

86 

Load  Bit  CNTR  R6 

220 

BZ 

32 

Branch  to  Exit  if  R6  =  0 

221 

ADDRESS 

OF 

Exit 

222 

BR 

30 

Otherwise 

223 

ADDRESS 

11 

Continue 

TEST  COUNTER 

230 

LDI 

F8 

231 

#02 

232 

PHI 

BF 

233 

LDI 

F8 

REG  F  Contains  0201  The 

234 

#01 

Address  of  Control 

235 

PLO 

AF 

Thru  OUT  7. 

236 

LDI 

F8 

237 

#FE 

238 

PHI 

BE 

E  REG  is  Countdown 

239 

LDI 

F8 

Register  Contains 

23A 

#00 

FE00 

23B 

PLO 

AE 

23C 

RESET  Q 

7  A 

23D 

SEX  RF 

EF 

23E 

OUT  7 

67 

LOC  201  (10)  Reset  CNTR 

23F 

NOP 

C4 

240 

OUT  7 

67 

LOC  202  (40)  Relieve  Reset  +ST  Slow 

241 

OUT  7 

67 

LOC  203  (60)  Clock  Also  Diverts  Q 

242 

SET  Q 

7B 

To  the  Amp  Input 

243 

DEC  RE 

2E 

Start  CNTR 

244 

GHI  RE 

9E 

245 

RESET Q 

7A 

246 

NOP 

C4 

247 

BNZ 

3A 

D  ^  0  Branch 
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248 

ADDRESS 

42 

249 

GLO 

8E 

24A 

BNZ 

3A 

24B 

ADDRESS 

42 

24C 

OUT  7 

67 

24D 

NOP 

C4 

24E 

NOP 

C4 

24F 

NOP 

C4 

250 

NOP 

C4 

251 

NOP 

C4 

252 

1NP  1 

69 

253 

BNZ 

3A 

254 

ADDRESS 

#62 

255 

INP  2 

6A 

256 

SD1 

FD 

257 

//FE 

258 

BNZ 

3A 

259 

ADDRESS 

62 

25A 

GHI 

9D 

25B 

SHR 

F6 

25C 

SHL 

FE 

25D 

ADD1 

FC 

25E 

#01 

25F 

PHI 

BD 

260 

BR 

30 

261 

ADDRESS 

66 

262 

GHI 

9D 

263 

SHR 

F6 

264 

SHL 

FE 

265 

PHI 

BD 

266 

LBR 

CO 

267 

ADDRESS 

00 

268 

ADDRESS 

35 

269 

NOP 

C4 

26F 

C4 

270 

GHI  5.1 

95 

271 

BZ  D=0 

32 

272 

75 

273 

BR 

30 

274 

8F 

275 

B1 

34 

276 

8F 

277 

B1 

34 

278 

8F 

279 

B1 

34 

27  A 

8F 

27B 

BR 

30 

27C 

80 

204  (00)  Stop  Count 


8  Bits  from  Counter  (00) 


8  Bits  from  Counter  (FE) 
Subtract  Immed 


Input  2  £  FF 

Shift  Right  0  MSB 
Shift  Left  0  LSB 

Puts  One  in  LSB  of  D.l 
If  Test  is  Successful 


Shift  Rt  0  MSB  Shifts  LSB  Out 
Shift  Lft.  0  LSB  Restores  MSB  &  PUTS 

A  Zero  in  LSB  in  Reg  D.l. 
The  Status  Bit  for  the 
Counter  A1  in  LSB 
Indicates  the  Counter 
Test  was  Successful. 

(Odd  Number) 

(PATCH) 

If  a  New  Word  Has  Been 
Received  Do  a  Retur  to  P=D 


This  is  a  Software  Filter. 

If  the  CMD  Notify 
Drops  to  Zero  the  Program 
Branches  Back  to  Its  Origin. 

If  CMD  Notify  Stays  High  and  3.1  is  Zero 
the  Program  Goes  to  280 
the  Start  of  the  Input 
Subroutine. 
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INPUT  SUBROUTINE 


INITIAL  280 

LDI 

F8 

(PATCH) 

ENTRY  281 

#08 

Set  Up  Bit  Counter 

282 

PLO  R6 

A6 

283 

GLO 

8F 

284 

PLO 

AE 

Save  Current  Value  of  RF.O 

285 

LDI 

F8 

286 

#02 

287 

PHI 

BF 

RF  =  (0209)  (08) 

288 

LDI 

F8 

289 

#09 

28A 

SEX  RF 

EF 

28B 

BR 

30 

28C 

ADDRESS 

92 

EXIT  28D 

GLO 

8E 

28E 

PLO 

AF 

Restore  F  to  Orig.  Value 

28F 

SEP 

DO 

ENTER  290 

BR 

30 

291 

ADDRESS 

70 

292 

NOP 

C4 

293 

B1 

34 

Escape  When  CMD  Notify  =  1 

294 

ADDRESS 

93 

295 

B4 

37 

Escape  When  SYS  Clocks  1 

296 

ADDRESS 

95 

297 

OUT  7 

67 

Output  (08)  Acknowledge 

298 

BN4 

3F 

Escape  when  SCLK  (EF4)  s 

299 

ADDRESS 

98 

29A 

GHI 

95 

Load  Next  Byte  (R5.1)  to  D 

29B 

SHL 

FE 

Shift  Left 

29C 

B2 

35 

Branch  if  Data  Bit  (EF2)  s  0 

29D 

ADDRESS 

AO 

ADDRESS 

29E 

ADI 

FC 

ADD  01  to  D 

29F 

#01 

2A0 

PHI 

B5 

Save  Shifted  CMD  WRD 

2A1 

B4 

37 

Escape  When  SCLK  (EF4)  =  1 

2A2 

ADDRESS 

A1 

2A3 

DEC  R6 

26 

Decrement  Bit  CNTR 

2A4 

GLO 

86 

Test  for  End  of  Command 

2A5 

BNZ 

3A 

2A6 

ADDRESS 

98 

2A7 

OUT  7 

67 

Reset  Acknowledge  (00) 

2A8 

BR 

30 

2A9 

ADDRESS 

8D 

ADDRESS 

2AA 

NOP 

C4 

2AF 

NOP 

C4 

54 


INTERRUPT  ENTRANCE 


EXIT  2B0 

LBR 

CO 

That  Generates  EX  and  DN 

2B1 

ADD 

8C 

2B2 

ADD 

69 

ENTRY  2B3 

SAVE 

78 

T  8C6E  P=R1,  X  =  R2 

2B4 

DEC 

22 

R2  8C6D 

2B5 

STXD 

73 

Save  D  in  8C6D,  R2  (8C6C) 

2B6 

GLO  RF 

8F 

2B7 

STXD 

73 

Save  F.O  in  8C6C,  R2=(8C6B) 

2B8 

GHI  RF 

9F 

2B9 

STXD 

73 

Save  F.l  in  8C6B  R2=(8C6A) 

2BA 

GLO  RD 

8D 

2BB 

OR  IMMED 

F9 

2BC 

//10 

Set  Sun  Status 

2BD 

PLO  RD 

AD 

2BE 

LDI 

F8 

2BF 

#02 

2C0 

PHI  RF 

BF 

RF  =  0200  (00) 

2C1 

LDI 

F8 

2C2 

#00 

2C3 

PLO  RF 

AF 

2C# 

SEX  RF 

EF 

2C5 

OUT  I 

61 

2C6 

DEC  RF 

2F 

Output  Zero  Volts  to  Power  Supplies 

2C7 

OUT  2 

62 

2C8 

LDI 

F8 

2C9 

#8C 

2CA 

PHI  RF 

BF 

RF  Contains  8C6E  (T) 

2CB 

LDI 

F8 

2CC 

#6E 

2CD 

PLO  RF 

AF 

2CE 

LDX 

FO 

T  D 

2CF 

SEX  R2 

E2 

2D0 

ANI 

FA 

201 

#OF 

2D2 

ORI 

F9 

Create  DN  Instruction 

2D3 

#DO 

2D4 

STXD 

73 

Store  DN  in  8C6A,  R2=8C69 

2D5 

SEX  RF 

EF 

2D6 

LDX 

FO 

T  D 

2D7 

SHR 

F6 

208 

SHR 

F6 

2D9 

SHR 

F6 

Shift  MSB  to  LSBITE 

2DA 

SHR 

F6 

Results  OX 

2DB 

ORI 

F9 

2  DC 

#E0 

The  Instruction  SEX  EX  is  Formed. 

2DD 

SEX  R2 

E2 

2DE 

STR 

52 

EX  8C69;  R2  =  8C69 

2DF 

INC 

12 

R2  -  8C6A 

2E0 

INC 

12 

R2  -  8C6B 

2E1 

2E2 

2E3 

2E4 

2E5 

2E6 

2E7 


LDXA 
PHI  RF 
LDXA 
PLO  RF 
LDXA 
BR 

ADDRESS 


72 

8C6B  (F.l)  D,  R2 

8C6C 

BF 

Restores  F.l 

72 

8C6C  (F.0)  D;  R2 

8C6D 

AF 

Restores  F.0 

72 

30 

BO 

8C6D(D)  D;  R2 

8C6E 

56 


LOOK-UP  TABLE  ROUTINE 


0300 

(MSB) 

00 

0301 

(LSB) 

00 

0302 

- 

00 

0303 

- 

00 

0304 

- 

00 

0305 

- 

00 

0306 

- 

00 

0307 

- 

00 

0308 

- 

00 

0309 

- 

00 

030A 

- 

00 

030B 

- 

00 

030C 

- 

00 

030D 

- 

00 

030E 

- 

00 

030F 

- 

00 

0310 

- 

BB 

0311 

- 

ID 

0312 

- 

BA 

0313 

- 

69 

0314 

- 

B8 

0315 

- 

E5 

0316 

- 

B5 

0317 

- 

AD 

0318 

- 

AE 

0319 

- 

D9 

031A 

- 

A0 

031B 

- 

45 

031C 

- 

81 

031D 

- 

49 

031E 

- 

3F 

031F 

- 

25 

0320 

- 

CC 

0321 

- 

2E 

0322 

- 

CB 

0323 

- 

7A 

0324 

- 

C9 

0325 

- 

F6 

0326 

- 

C6 

0327 

- 

BE 

0328 

- 

BF 

0329 

- 

EE 

032A 

• 

B1 

032B 

- 

56 

032C 

• 

92 

032D 

- 

5A 

032E 

- 

50 

032F 

- 

3A 

0330 

- 

DD 

Channeltron:  0  Volts  Analyzer:  0 

0 

0 

0 

0 

0 

0 

0 

Channeltron:  2200  Volts  Analyzer:  7.3 

15.6 

33 

71 

151 

322 

685 

1460 

Channeltron:  2400v  Analyzer:  7.3 

15.6 

33 

71 

151 

322 

685 

1460 

Channeltron:  2600v  Analyzer:  7.3 
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0331 

0332 

0333 

0334 

0335 

0336 

0337 

0338 

0339 

033A 

033B 

033C 

033D 

033E 

033F 


43 

DC 

8B 

DB 

OB 

D7 

D3 

DO 

FF 

C2 

67 

A3 

6B 

61 

4B 


15.6 

33 

71 

151 

332 

685 

1460 


4.  SPECTROMETER  DESIGN 

Electrostatic  analyzers  for  ionospheric  and  space  measurements  operate  with 
differential  energy  channels  whose  nominal  centers  increase  in  a  geometrical  sequence. 
Due  to  the  physical  design,  the  energy  bandwidths,  AEj,  are  close  to  a  constant  fraction 
of  the  centraLenergy  E..  Such  a  series  has  the  advantages  that  a  wide  energy  may  be 
scanned  and  that  analysis  of  data  is  mathematically  convenient. 

Under  these  circumstances  the  raw  counting  rate  dN/dt  in  any  channel  represents 
the  differential  energy  flux  density,  as  a  function  of  energy.  Then  e^Ej  is  the 
differential  particle  flux,  and  ^/Ej  is  a  form  of  the  velocity  distribution  function  f. 

Design  of  a  spectrometer  involves  compromises  among  such  performance  parame¬ 
ters  as  energy  range,  energy  definition  (channel  width),  dynamic  range,  temporal  and 
spatial  determination  and  mode  versatility.  The  technical  parameters  for  the  present 
instrument  are  as  follows: 

1.  The  ion  energy  range  lies  between  40  eV  and  20  keV. 

2.  The  range  is  accomplished  in  eight  steps. 

3.  The  channels  overlap  in  energy  by  two  percent  at  FWHM. 

4.  A  complete  sweep  is  accomplished  in  0.25,  1  or  10  seconds,  selected 
externally,  or  may  dwell  at  a  single  channel  indefinitely. 

-3  2 

5.  The  geometrical  factor  G  «10  cm  sr. 

_2 

6.  An  incident  current  density  of  100  nA  cm  is  observable. 

With  these  constraints  the  aim  of  the  design  is  summarized  as: 

1.  The  multiplication  factor  for  the  geometric  sequence  is  2.13,  i.e., 

E.  *  2.13  Em 

2.  The  energy  resolution  6  in  each  channel  is  74  percent  at  FWHM,  thus 
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0.74  . 


Table  4.1  shows  the  nominal  central  energies  and  bandwidths. 


Table  4.1.  Design  Goals  for  the  Energy  Channels  (keV) 


Central 

EnernY 

FWHM  Positions 

Bandwidth 

0.073 

0.046 

0.100 

0.054 

0.156 

0.098 

0.214 

0.116 

0.333 

0.210 

0.456 

0.246 

0.71 

0.45 

0.97 

0.52 

1.51 

0.95 

2.07 

1.12 

3.22 

2.03 

4.41 

2.38 

6.85 

4.32 

9.39 

5.08 

14.6 

9.2 

20.0 

10.8 

The  command  and  telemetry  requirements  were: 

1.  External  commands  may  make  a  selection  of  complete  cycle  scan  times  of 
0.25,  1  and  10  seconds,  and  a  dwell  mode  in  any  channel. 

2.  The  detector  bias  may  be  switched  off  and  on  by  command.  This  will  also  be 
accomplished  automatically  by  a  sensor  that  prevents  illumination  of  the 
aperture  by  sunlight. 

3.  Telemetry  (output)  information  supplies: 

a.  cycle  mode 

b.  channel  number 

c.  accumulated  counts  by  channel  (sweep  mode)  or  time  period  (dwell  mode) 

d.  sun  sensor  state 

e.  detector  bias  state. 

4.  Telemetry  is  TTL  compatible. 

5.  Analog  voltages  lie  in  the  range  0  to  5.1V. 

Command  and  telemetry  are  composed  mainly  of  CMOS  devices  for  low  power  and 
weight.  High  voltage  power  supplies  for  the  analyzer  plates  and  detector,  and  the 
amplifier/discriminator  systems  have  been  obtained  commercially. 
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Electrostatic  analysis  is  a  common  method  of  energy  selection  used  in  space 
experiments.  The  analysis  parameters,  energy  range,  channel  width  and  geometric 
factor  are  related  functions  of  the  physical  dimensions  of  the  assembly.  Depending  on 
the  experimental  requirements,  analyzer  plates  may  be  of  spheroidal,  toroidal  or 
cylindrical  cross  section.  The  first  two  types  are  able  to  focus  an  isotropic, 
polyenergetic  beam  about  two  axes.  Hence  their  inherent  focusing  abilities  are  greater 
than  that  of  a  cylinder,  and  suit  narrow  energy  band  and  large  geometric  factor 
applications.  In  the  present  design  a  wide  energy  resolution  is  required,  together  with  a 
relatively  small  geometric  factor  to  accommodate  high  incident  current  and  cylindrical 
section  analyzer  plates. 

The  geometric  dimensions  of  a  cylindrical  analyzer  upon  which  the  measurement 
parameters  depend  are  shown  in  Figure  4-1.  The  dependence  of  G  and  6  on  the 
dimensions  b,  d  and  r,  and  angles  a,  0  and  9  have  been  discussed  by  several  authors 
(e.g.,  Refs  4-7).  Consideration  of  the  properties  of  such  an  instrument  is  largely 
empirical,  due  to  the  number  of  variables  present,  the  energy  dependence  of  the 
responses  and  the  necessity  of  treating  incident  flux  as  distributed  in  energy  and 
direction. 

The  present  design  has  sought  to  simplify  the  procedure  and  to  introduce  some 
flexibility  into  the  response  characteristics.  The  entrance  aperture,  defined  by  angles 
and  0,  is  symmetric  about  the  center  of  the  entrance  to  the  analyzer  plates.  The  radius 
r  defines  the  path  of  the  main  beam,  corresponding  to  a  particle  at  a  central  energy  Ej 
incident  normally  at  the  center  of  the  entrance  aperture.  The  detector  entrance  lies  on 
the  normal  to  the  center  of,  and  distant  b  from,  the  exit  plane  of  the  plates. 

The  main  beam  is  defined  by 


Ei  ■  (*h 


where 


q  =  particle  charge  (electronic  units) 
d  s  internal  plate  separation 
V.  =  plate  potential  at  step  1  (i  =  0  to  7). 
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The  pursuit  of  small  G  (in  anticipation  of  occasional  very  high  fluxes)  and  large  6 
engenders  a  design  conflict.  This  has  been  resolved  by  employment  of  a  small  detection 
area  and  a  short  analysis  path,  which  results  in  the  low-energy  resolution  necessary. 
The  dimensions  of  the  spectrometer  indicated  in  Figure  4-1,  and  others  defining  the 
response,  are  given  in  Table  4.2. 


Table  #.2.  Dimensions  of  Analysis  and  Detection  Assemblies 


Notation 

function 

Dimension 

comments 

a 

Entrance  aperture  length 

6  cm 

a 

Entrance  azimuthal  angu¬ 
lar  aperture 

16°  max. 

Variable  by  battle  selection. 
Axis  parallel  to  that  of  cylin¬ 
drical  plates. 

• 

Entrance  zenithal  angu¬ 
lar  aperture 

20°  max. 

Variable  by  baffle  selection. 
Axis  perpendicular  to  that  of 

r 

Main  path  radius 

7  cm 

e 

Main  path,  plate,  angu¬ 
lar  dimension 

32° 

d 

Plate  internal  separation 

0.35  cm 

So 

Main  path  length 

3.91  cm 

S1*S2 

Plate  lengths 

3.81, *.0l  cm 

w 

Plate  width 

2  cm 

b 

Exit  plane-detector 
separation 

a  cm  max. 

Variable 

Detector  cross-section 
diameter,  active  area 

0.3  cm, 
0.071  cm2 

3  mm  diameter  Channeltron 

G 

Geometric  factor 

1.6x10-3 
cm2  sr  max. 

Nominal 

Channeltron  cross-section 
external  diameter 

0.206  cm 

Channeltron  mean 
diameter 

*.37  cm 

Multiplication  factor 

10 

E./V.  *  r/2d 

Background  shield 
aperture 

0.*  cm 

Plata  sarration 
depth  and  angles 

0.25  mm,  18° 

Confirmation  of  acccuracy  of  design  parameters  may  be  obtained  experimentally. 
In  order  to  allow  tuning  of  these  values  it  was  decided  to  make  the  dimensions  a,  o  and 
b  variable,  a  and  p  are  defined  by  machined  baffles  as  interchangeable  sets.  The 
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position  of  the  mouth  of  the  channeltron  can  be  adjusted  between  1  and  4  cm  from  the 
exit  plane  of  the  analyzer. 

The  analyzer  is  operated  with  the  outer  plate  at  ground  potential  and  the  inner 
plate  at  negative  voltage.  This  arrangement  has  the  advantages  of  a  reduction  in 
complexity  of  step  generation  and  reduces  the  fringing  fields  at  the  analyzer  exit.  The 
multiplication  factor  of  10  requires  a  voltage  at  step  7  of  1.46  kV.  The  grounded  outer 
plate  enables  the  side  panels  of  the  analyzer  to  be  formed  as  grounded  conductors  and 
to  avoid  possible  charging  within  the  analyzer. 

4.1  ENERGY  CALIBRATION 

Calibration  of  the  instrument  was  made  by  spatial  and  angular  integration  of  its 
response  to  monoenergetic  He+  beams  across  the  total  bandwidth  at  the  central 
energies  of  channels  1  through  7. 

Ions  were  generated  by  leaking  helium  into  a  small  chamber  containing  a  hot 
cathode,  the  energy  of  the  beam  being  determined  by  the  expulsion  voltage  from  the 
chamber.  Species  other  than  He+  were  removed  by  magnetic  deflection.  The  resulting 
flux  has  a  cross-sectional  area  of  about  1  x  5  cm  such  that  the  long  dimension  is  in  the 
horizontal  plane  perpendicular  to  the  analyzing  axis  of  the  spectrometer.  The  current 
density  of  the  beam  was  measured  with  a  Faraday  cup  connected  to  a  Keithley  642 
electrometer.  Final  ion  emission  of  energies  below  100  eV  became  very  inefficient  and 
precluded  the  calibration  of  channel  0. 

The  detection  rate  response  of  the  instrument  was  measured  across  the  energy 
sub-band  at  increments  of  one  degree  about  the  analyzing  (vertical)  axis.  The  total 
response  characteristic  of  a  channel  may  be  obtained  by  summation  of  each  energy 
step. 

The  usual  measure  of  spectrometer  properties,  and  one  computed  in  this  work,  is 
that  of  its  detection  response  in  an  isotropic  isoenergetic  particle  flux.  This  may  be 
done  with  a  monoenergetic  parallel  beam  by  varying  the  angle  of  incidence  in  small 
increments  about  a  vertical  axis  through  the  midpoint  of  the  entry  plane  of  the  plates 
(angle  a  in  Figure  4.1)  at  a  fixed  analyzing  potential.  Only  variation  about  the  vertical 
axis  is  necessary  as  the  dispersion  in  energy  of  the  incident  flux  takes  place  in  this 
sense.  At  each  increment  the  counting  rate  response  is  determined  as  a  function  of 
energy  in  a  constant  intensity  beam.  Thus,  at  any  energy  step  E.  the  response  F  is  given 
by 
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There  are  second-order  effects  in  the  response  measurement  due  to  counting  rate 
dependence  on  discrimination  level  and  detector  efficiency  as  a  function  of  energy  and 
counting  rate,  detector  bias,  age,  impact  position  in  the  cone  and  ion  species.  Thus, 
these  parameters  must  be  specified  for  the  determination  and  there  will  be  small 
variations  in  response  properties  as  these  are  changed. 

The  spectrometer  models  were  mounted  horizontally  with  the  aperture  in  the 
approximately  1  cm  by  5  cm  uniform  beam.  A  Faraday  cup  was  mounted  beside  the 
aperture  and  connected  to  an  electrometer  to  measure  current  density  of  the  flux.  It 
was  determined  that  beam  current  was  dependent  on  filament  power  (I^Vj)  and  ion 
chamber  differential  pressure  above  ambient  (A  p)  approximately  as 

j  a  R(If  Vf  -  PQ)2  Ap  pa/cm2 

where  R  is  a  constant  and  PQ  is  a  threshold  power  for  a  given  filament.  Required 
currents  could  be  approximated  by  the  source  parameters.  Aperture  and  geometric 
factor  values  of  the  spectrometer  were  estimated  from  Faraday  cup  current 
measurements. 

A  series  of  four  degree  incremental  angular  responses  are  shown  a s  an  example 
for  Step  2  in  Figures  4-2  and  4-3.  The  series  are  alternated  to  provide  some  clarity.  It 
is  apparent  that  the  angular  response  is  dominated  by  fluxes  incident  at  negative  angles 
(clockwise  in  a  from  the  central  trajectory).  This  effect,  a  deviation  from  the  idealized 
selection  condition,  is  due  to  the  shortness  of  the  analyzing  plates  compared  to  the 
optimal  focusing  angle  (cf .  Refs  4-7),  and  is  difficult  to  predict  from  design  algorithms. 
The  skewed  response  for  this  channel  is  also  seen  in  Figure  4-4,  an  integration  across 
the  energy  domain.  Total  isotropic  responses  for  channel  2  are  shown  in  Figure  4-5. 
Also  shown  are  the  contiguous  skirts  of  channels  1  and  3.  Figure  4-6  shows  the 
isotropic  responses  of  channels  1  through  7.  Ion  production  became  increasingly 
inefficient  below  200  eV  and  it  was  not  possible  to  calibrate  channel  0  satisfactorily.  It 
can  be  seen  that  the  skewing  effect  becomes  less  noticeable  in  the  higher  energy 
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Figure  4.6.  Responses  of  Channels  1  through  7  to  isotropic  isoenergetic  fluxes  at 
constant  current 

channels.  This  indicates  that  the  field  topography  in  the  region  of  the  plates  and 
detector  entrance  also  influences  the  microstructure  of  a  passband. 

Comparison  with  the  calibration  curves  of  Reference  8,  which  are  measurements 
made  on  the  prototype  model  with  a  1  mm  401 1C  detector,  shows  that  substitution  of 
the  3  mm  channeltron  has  tended  to  flatten  the  peak  of  the  responses  in  the  lower 
energy  bins  by  adding  some  high-energy  sensitivity.  This  has  increased  the  bandwidths 
slightly  so  that  they  are  close  to  the  design  goals,  but  has  skewed  some  channel  centers 
to  higher  values.  The  broadening  of  parallel  beam  response  at  certain  angles 
(Figures  4-2  and  4-3)  may  well  have  a  beneficial  effect  in  the  broader  context  of 
intended  use.  Although  design  parameters  have  been  executed,  as  is  usual,  for  isotropic 
fluxes,  these  seldom  occur  naturally.  It  is  probable  that,  under  conditions  where  a 
spacecraft  is  at  a  negative  potential,  the  ambient  ions  are  consequently  accelerated 
into  a  flux  which,  at  the  spectrometer  entrance,  is  relatively  narrow,  both  in  energy  and 
angle  content.  This  suggests  conditions  such  that  there  are  finite  probabilities  of  such 
beams  going  undetected.  The  broad  "parallel"  sensitivities  of  Figures  4-2  and  4-3  serve 
to  decrease  the  chance  of  a  miss. 

The  nominal  central  values  of  the  energy  channels  were  set  to  levels  specified  in 
Reference  1  by  the  method  of  Section  3.1.2  and  given  in  Table  4.3.  The  voltage  levels 
between  the  inner  plate  and  ground  wave  measured  using  a  Tektronix  6 103 A  probe 
feeding  a  Keithley  61  OB  electrometer  whose  output  was  read  on  a  Hewlett-Packard 
3453 A  digital  multimeter.  Calibration  was  made  with  a  Cohu  326  voltage  standard. 
Maximum  total  errors  in  these  measurements  are  estimated  at  +0.3V. 
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5.  DISCUSSION 

This  spectrometer  has  been  designed  to  serve  the  needs  of  an  automatic 
spacecraft  charging-detection  and  discharging  system.  Its  original  concept  consisted  of 
a  hard-wired  instrument  whose  performance  parameters  adhered  to  the  proposed 
specifications.  Two  reasons  impelled  a  change  to  a  microprocessor-based  program¬ 
mable  system.  First,  the  relative  complexity  of  functions  required  of  a  simple  and 
inexpensive  instrument  required  an  electronic  design  complicated  and  unwieldy  beyond 
the  sense  of  the  project.  Second,  such  a  change  injected  the  design  with  a  high  degree 
of  flexibility  in  application  and  performance,  and  suggested  straightforward  interface 
capability  with  other  programmable  subsystems. 

The  idea  of  a  particle  spectrometer  sensitive  to  an  energy  range  with  a  ratio  of 
435  in  eight  steps  is  unusual.  It  is  based  on  feasibility  studies  modeled  on  data  from  the 
SC9  instrument  (Ref  9)  flown  on  the  P78-2  stationary  satellite.  These  indicated  that 
continuous  comparison  of  counting  rates  in  narrow  energy  bins  showed  promise  as  a 
real-time  monitor  of  spacecraft  potential  conditions.  It  was  felt  that  similar  success 
could  be  achieved  with  relatively  few  wide  channels. 

The  considerations  involved  in  design  of  a  broadband  spectrometer,  short  analyzer 
plates  and  wide  acceptance  angles  led  to  such  unwelcome  secondary  effects  as  channel 
microstructure,  response  variability  over  the  energy  range,  danger  of  rapid  channeltron 
aging  under  high  current  conditions  and  the  chance  of  nondetection  of  anisotropic 
fluxes.  These  features  have  been  taken  into  account  in  the  present  instrument  and 
attempts  made  to  optimize  performance  with  respect  to  all  such  considerations.  As  the 
concept  of  automatic  quantification  of  spacecraft  charging  and  relief  is  in  its 
development  stage,  it  was  felt  that  the  greater  the  flexibility  provided  in  the  detection 
system,  the  more  useful  i»  would  prove  to  the  investigators. 

For  example,  it  may  be  required  that  the  number  of  discrete  channels  be 
increased,  the  energy  range  lowered  and  the  bandwidths  reduced.  This  may  be  achieved 
easily  by  replacement  of  the  detector,  narrowing  of  the  acceptance  angle  with  a 
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smaller  set  of  collimators,  increasing  the  plate-detector  separation  and  reprogramming 
of  the  memory  system. 

The  dynamic  range  of  the  instrument  is  extremely  large.  Twenty-four  bits  of 
counting  rate  data  are  available  for  any  data  interval,  i.e.,  energy  step  period  or 
10  seconds  in  the  dwell  mode.  This  is  a  recording  of  over  16  million  separate  events. 
At  very  high  rates  the  apparent  counting  rate  A  must  be  corrected  for  the  dead  time 
(T  =  220  ns)  effect  of  the  amplifier.  The  real  counting  rate,  N,  is  given  by 

N  =  -j^rsec-1 

Table  5.1  indicates  the  corrections  necessary  at  various  counting  rates.  Adjustment  of 
the  dead  time  to  higher  values  allows  reduction  of  the  number  of  data  bits,  at  the  risk 
of  lower  precision  occurring  at  high  rates. 

Table  5.1.  Real  (N)  and  Apparent  (A) 

Counting  Rates  for  a  Dead  Time  (T) 
of  220  ns 


X 

- R— 

2  MHz 

J.J71 

MHz 

1 

1.2S2 

500  kHz 

562.3 

kHz 

100 

102.25 

JO 

50.56 

10 

10.02 

The  modes  of  data  collection  are  scans  of  the  eight  steps  in  nominal  periods  of 
0.25,  1  and  10  seconds,  and  indefinite  dwells  at  any  energy  level  with  data  output  at 
10  second  intervals.  Thus  the  accuracy  in  the  worst  case  (A=  1.68  MHz,  N  *  2.66  MHz) 
is  thought  to  be  adequate  for  the  application.  The  efficiency  of  the  channeltron  varies 
with  proton  energy  E  and  N  (Ref  1' 

The  nominal  aperture  of  the  instrument  may  be  estimated  from  the  dimensions  of 
the  outer  collimator  plate  (a  x  b,  Figure  2-8),  the  distance  to  the  detector  surface  r  and 
the  active  area  of  the  channeltrons  as 

G  ^  »  1.6  x  10-3  cm2  st 

r 


n 


2 

This  will  allow  counting  of  a  100  nA/cm  beam  at  a  particular  energy  in  the  fastest 
scan  mode.  It  is  advised  that  such  high  fluxes  not  be  used  frequently  in  testing  so  that 
detector  aging  be  avoided. 
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A  meeting  between  representatives  of  AFGL  and  IRT  agreed  to  the  following 
contract  understandings: 

A.  CONTRACT  SPECIFICATION  INTERPRETATIONS 

(Unambiguous  interpretations  omitted,  numbering  by  original  specification 

number.) 

1.  5,  6,  7,  10  and  15  agreed  to. 

2.  The  instrument  will  survive  a  current  density  of  100  nA/cm  at  the  aperture. 

3.  AFGL  to  advise  on  the  technical  necessity  of  FWHM  channel  overlap  of 
between  0  and  2  percent.  Relief  from  the  specification  was  sought  due  to  the 
energy  response  nature  of  such  an  instrument  and  the  difficulty  of  obtaining  a 
narrow  overlap  range. 

4.  Indicated  sweep  times  may  be  approximated  to  periods  convenient  to 
instrument. 

8.  Flight  exposure  is  two  years, -shelf  life  is  three  years.  Use  of  the  detector 
under  variable  (minimum)  bias  indicates  a  two-year  lifetime  and  does  not 
require  the  employment  of  multiple  detectors.  Compliance  will  be  demon¬ 
strated  by  analysis.  Orbital  environments  are  assumed  benign. 

9.  AFGL  will  conduct  environmental  tests  at  the  specified  levels.  The  proto¬ 
type  instrument  is  designed  for  functional  tests  only  and  is  not  intended  for 
acceptance  test  survival. 

11.  The  analyzer  plates  of  each  model  are  serrated  to  reduce  photon  scattering. 
Collimator  and  plate  surfaces  of  the  flight  models  would  be  gold  blackened  as 
schedule  and  expense  allowed. 

12.  Diagnostic  output  selection  was  made  by  IRT  with  best  engineering  judgment. 
The  preliminary  diagnostics  met  the  intent  of  the  specification. 

13.  Protection  against  potentially  damaging  transients  entering  or  leaving  the 
instrument  was  achieved  by  addition  of  zener  diodes  to  the  interface  lines. 

14.  Maximum  power  consumption  of  two  watts  is  acceptable  for  rocket 
applications. 
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16.  Replacement  of  a  detector  in  an  ESA  may  require  recalibration  of  the 
instrument. 


B.  OTHER  UNDERSTANDINGS 

1.  Flight  Environment 

a.  The  flight  models  are  intended  for  a  rocket  mission  to  an  altitude 

300  km  under  quiet  conditions. 

b.  Thus  radiation-hard  components  and  detector  shielding  are  not  required 
in  the  flight  models. 

c.  IRT  to  be  advised  on  any  change  in  this  environment  and  will  respond 
with  cost,  weight,  power  and  schedule  impact  estimates. 

d.  IRT  will  provide  for  fast  outgassing  behavior  of  the  instrument  consonant 
with  maintenance  of  adequate  protection  for  components.  They  will  also 
advise  on  minimum  power-on  altitude. 

e.  AFGL  will  provide  information  on  vehicle,  instrument  location,  launch 
site,  local  time  window,  solar  and  lunar  aspects,  required  ionospheric 
conditions  and  any  other  data  pertinent  to  successful  operation. 

f.  Instrument  apertures  will  be  protected  by  plates  or  caps  to  be  removed 
shortly  prior  to  launch  and  so  identified. 

2.  Shelf  Environment 

a.  When  stored  for  longer  periods  than  three  days,  the  instruments  will 
reside  in  dry,  clean  argon  or  nitrogen  atmospheres  at  slight  positive 
pressures.  The  atmosphere  will  be  refreshed  each  month.  The  container 
need  only  be  a  plastic  box  or  thick  bag. 

3.  Mechanical  Interface 

a.  Securement  to  a  vehicle  platform  may  be  by  baseplate  bolts,  brackets  or 
straps. 

b.  Current  dimensions  are  acceptable  for  vehicle  integration. 

4.  Telemetry  Interface 

It  is  not  the  intent  that  the  current  instrument  interface  directly  with  S/C 

telemetry. 


a.  The  command  word  will  be  transmitted  to  the  ESA  with  MSB  (0)  first  and 
designate: 

0,  1  channeltron  bias 

2,  3,  4  analyzer  voltage  for  dwell  mode 

3,  6  sweep  time  or  dwell 

7  true,  overrides  sun  sensor. 

b.  Data  transmission  from  the  ESA  has  MSBs  first  in  the  following  format: 

Dwell  Mode 

0-35  as  defined  in  Second  Quarterly  Report  (Q2) 

36-43  diagnostic  data 

Sweep  Mode 

0-223  bits  0-27  as  defined  in  Q2  and  transmitted  eight  times 
(once)  for  each  analyzer  step) 

224-231  command  word 
232-239  diagnostic  data. 

c.  The  telemetry  system  will  be  based  on  an  S/C  clock,  faster  than  the 
current  1024  s~*.  Upon  coding  completion,  the  fastest  convenient  clock 
time,  determined  by  the  number  of  P  instructions  executed  for  output 
of  each  data  bit,  will  be  determined  and  documented. 

Hardware  and  software  impacts  for  a  faster  rate  will  be  evaluated. 

d.  In  order  to  speed  up  data  transfer  during  the  dwell  mode,  no  input 
command  will  be  accepted  during  transmission  of  dwell  data.  In  the 
sweep  mode,  the  next  input  command  will  be  accepted  only  after 
completion  of  the  sweep. 

5.  Miscellaneous  Items 

a.  From  the  results  of  instrument  calibration,  an  attempt  will  be  made  to 
calculate  a  factor  for  each  channel  which  will  enable  an  absolute 
counting  rate  to  be  obtained. 

b.  After  all  data  is  gathered  on  the  components,  IRT  will  perform  a 
reliability  calculation  for  the  complete  system. 
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c.  A  power-off,  power-on  reset  practice  is  acceptabie  and  would  be  used 
for  recovery  in  a  satellite  flight  af*er  any  soft  error  problems  were 
detected. 

d.  Soft  error  occurrence  is  very  unlikely  in  a  rocket  flight. 

e.  Selection  of  an  RCA  1802  P  -based  electronic  system  is  acceptable. 

f.  Ground  test  equipment  development  is  the  responsibility  of  AFGL.  IRT 
will  provide  informal  information  based  on  their  own  test  setups. 

g.  Final  checks  of  detector  operation  may  be  made  by  use  of  a  suitable 
radioactive  source  placed  at  constant  position  with  respect  to  the 
instrument. 

h.  The  final  report  shall  include  test  results,  appropriate  drawings,  design 
assumptions,  S/W  descriptions  and  requirements  for  instrument  use  and 
treatment. 

i.  On  receipt  of  requirements  for  algorithm  manipulation  capability  incor¬ 
poration  into  the  IRT  instrument,  IRT  will  provide  feasibility  and  cost 
and  schedule  impact  estimations. 

Action  Items 

a.  IRT  provided  a  preliminary  interface  control  document.  This  included 
maximum  dimensions,  mounting  footprint,  functional  interface,  pin 
assignments,  weight  and  power  estimates  and  required  aperture  angles. 

b.  AFGL  will  provide  required  pyro  shock  data. 

c.  AFGL  will  investigate  relief  on  Item  A3. 


This  page  intentionally  left  blank. 


29  September  1982 


IRT  PROTON  ESA 
1NTERFCE  PIN  ASSIGNMENTS 


2#  3,  4,  5*  6#  7.  8,  Mating  socket 


10,  11,  12,  13,  14,  15, 


Cannon  DA  15S 


Cannon  DA  15P  connector  pins  as 
viewed  from  exterior  of  ESA 


Functional  Interface 


Cannon 

DA  ISP 

V40 

Formal 

Pin 

Pin 

Designation 

Assignment 

Assignment 

+28  Vdc 

+28 

+28  Vdc  RTN 

+28  RTN 

ESA  signal  ground 

SIG  GND 

Spacecraft  clock 

SCLK  IN 

Command  Notify 

CMD  NOTIFY 

Command  Data 

CMD  DATA 

Data  Out  Acknowledge 

DATA  OUT  ACK 

Data  Ready 

DATA  READY 

Command  In  Acknowledge  CMD  IN  ACK 

ESA  Data  Output 

+5  Vdc 

DATA 

Pins  5,  12,  14  and  15  not  used 
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A-IGt  PAD 

HYBRID  CHARGE  SENSITIVE  PREAMPLIFIER  •  DISCRIMINATOR 


Designed  for  direct  applications  In  tlw  Hold 
of  aoroapaco  instrumentation,  mass  spectro¬ 
meters,  laboratory  and  research  experiments, 
medical  electron  lea,  and  electro-optical 
systems. 


Model  A-101  la  a  hybrid  charge  sensitive  preamplifier,  discriminator,  and  pulse  shaper 
developed  eepeciaily  for  instrumentation  employing  photomultiplier  tubes,  channel 
electron  multipliers  and  other  charge  producing  detectors  in  the  putae  counting  mode. 
While  tide  unit  was  specif icaiiy  designed  for  satellite  instrumentation,  the  foliowing 
unique  charecteristica  make  it  equally  useful  for  space,  laboratory  and  commercial  ap¬ 
plications: 

•  antes  ila  (TOO  pannage)  aMeati  mounttng  dees  te  BsWaeter  of  tnuMpHer. 

•  Power  rs qulred  Is  lyploaSy  18  iWliwsWS. 

•  Singit  po supply  yottigt. 

•  Outputs  Mortem  directly  with  C-MOS  and  TTi  loqte. 

•  Input  ttwusholJ  Is  omotwoBy  >S|ustaSls. 

•  Output  pulea  width  is  vortoMo  wHh  external  Mm  espeehsr. 

•  IIS  hours  at  burn-in  time. 

•  One  year  warranty. 

♦HV  TEST 


TYPICAL  PARTICLE  COUNTING  SYSTEM 


The  hybrid  assembly  of  the  A-101  is  performed  in  a  Class  100  filtered  air  clean  room 
facility  using  thin  film  technology  and  unpackaged  chip  components.  The  substrates 
are  ceramic  with  gold  deposited  conductors.  The  cases  are  filled  with  dry,  inert  gas, 
hermetically  sealed  and  leak  tested.  The  units  then  undergo  bum-in  for  168  hours 
under  full  load  at  129 *C  in  order  to  minimize  Infant  mortality. 

AMPTEK  inc 

6  06  ANGELO  DRIVE.  B6DF0R0,  MASS.  01730 1  (617)  275-2242 


SPECIFICATIONS 

(V.eSV.TwJS'C) 

INPUT  CHARACTERISTICS 

THRESHOLD:  Modal  A-101  naa  a  nominal  thraanok)  refer¬ 
red  to  tha  input  ol  1.9*10-''  eoytomo.  This 
ia  equivalent  to  10*  alactrona.  Tha 
Ihraanoid  can  Ba  ineraaaad  by  tna  addition 
of  a  raaiator  Between  Pina  9  and  12  Sea 
Figufa  t. 

STABILITY:  <i.s%  of  threshold,  0*  to  90*C.  Saa 

Figure  3. 

NOISE.  RMS  noiaa  level  <0.4%  of  inraanoid. 

PROTECTION:  Back-tooack  dlodaa  to  ground. 

OUTPUT  CHARACTERISTICS 

1)  Pin  $  protndaa  a  poaitiva  $  volt  output 
pulaa  caoabia  of  intarfaeing  diraetty  witn 
CMOS. 

Pulaa  enaractanatica  ara: 

RISCTIME:  « na 

FAU.T1ME  20  na 
WIDTH:  220  na  nominal.  May  Ba  in- 

craaaad  to  graatar  than 
2  pa  By  tha  addition  of  a 
capacitor  Between  Pina  3 
and  4.  See  Fig.  2 
AMPLITUDE:  SvoHS 

2)  Pin  a  la  an  opan  coilaciar  output  and 
with  an  aatamal  puthip  raaiator  Dronoaa  a 
nagatlvo  going  pulaa  (tha  cotnplamant  of 
Pin  SLTMs  output  can  drive  TTL  and  can  Be 
wtreor'ad  with  othar  vmita.  Puliuo  raaiator 
may  ba  connaetad  to  V,  or  to  othar  poaitiva 
auppty  up  to  ♦  19V. 


GENERAL 

COUNT  RATE  4  a  10*  CPS 

PULSE  PAIR  ABSOLUTION:  290  na 


OPERATING  VOLTAGE 
OPERATING  CURRENT: 

TEMPERATURE 

BURN-IN: 

RADIATION  RESISTANCE 

DATA 

PACKAGE 

OPTIONS: 


♦  4tO  flOVOC 


4ma  0  10*  CPS 
-  SB*  to  *  70*C  oparatlonal 
IBS  hour*  at  full  load  and 
i*9*C. 

onraguaat 
13  -Pin,  TOP  ease. 
Qualification  to  MN.-STD4SM 


OPERATING  NOTES. 


AH  dmca  apsclffcariona  «ppry  to  oparatton  at  *9V.  Tha  unit 
can  ba  apawtad  up  to  ♦  10V  wttn  inersasid  powar  awnpa 
non  and  inraanoid.  Suopiy  I®  Cjw 

snsum  m  mm  m  cbcuK  layout  jm  m  soms  r - 

pQmff  supply  Psooupfffip  may  bp  nppfvi, 

▼saaa  ««#»  t*  pp  to  PMl  1.  OTOUO0. 
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input 

Tha  dataetor  fi  normally  eapadtHraty  couptad  to  Pin  12  with 
a  capacitor  of  adaquata  veitaga  rating.  Aitamataiy.  tha 
dataetor  anoda  can  Ba  direct  coupled  to  tna  input  if  tha 
cathode  ia  at  negative  potential.  Tha  A-101  la  aanatthra  to  a 
negative  cherge  pulae  of  at  >eatt  ait  picocoulomo.  Thla 
tnraahold  may  ba  ineraaaad  By  tna  connection  of  a  raaiator 
Between  Pina  9  and  12  Approximate  vahiaa  are  given  in 


•<  i«  uiau  ••  i 


Ml*  it  ■  u  i  i  •  •  >  i  • 


aM.V»bi 

inpui  tmeanoie  aa  a  function  or  enarnw  leeietmoe 

F.gura  t 

The  A-101  can  Br  acted  with  a  pulaar  By  uaing  a  amail 
capacitor  to  infect  a  teat  charge  Mho  the  input.  Tha  unit  will 
trigger  on  tna  negative  going  edge  of  the  pulaa  wtucnihouig 
heve  a  transition  time  or  tea*  than  20  na.  Ether  a  tail  pulaa 
with  a  much  longer  fall  tuna  (  >i  paed  or  a  equate  wave 
may  Ba  used.  (It  a  square  wane  n  used,  triggering  on  tna 
poaitiva  going  edge  win  occur  for  urge  puieocL 

Charge  transfer  m  tna  teat  circuit  la  according  to  Q«CV 
wncra  Q»Totai  amount  of  charge:  C .  Capacitor,  and 
VeVoriaga.  Uaa  only  a  amail  capacitor  in  tnt*  circuit 
(MOdfl.  DO  NOT  connect  a  low  impedance  pulaar  ttuougn 
BOO  pf  whan  tearing  as  true  will  produce  a  large  pulaa 
through  the  input  translator  and  may  causa  irreversible 

TEST  CIRCUIT 
•Iv 


Negsfhm  going 

Amplitude:  029  V  s  9.9  ptcoeeulcmb 


i 


The  output  at  Pin  5  is  a  positive.  220ns  WKM  pulaa. 

Pm  S  it  sn  open  eollecter  output  and  tftouto  Da  loft  uncon¬ 
nected  it  not  used.  A  nogitivo  going  output  cm  op  oetainod 
Oy  connecting  p  pullup  rppiptor  (Typically  Ik  12)  Between  V, 
and  Ptn  6.  Thp  pullup  rppittor  may  dp  tlpd  to  any  positive 
voltagp  up  to  tSV  (pp  reouired  for  example  in  intartaclng  with 
particular  logic  famtilap).  in  multLdetpctor  syptama,  where 
mora  man  ono  preamp  drtve  mp  tamp  eountpr,  thp  opan  cot- 
factor  outputs  of  ssnaral  A-101P  can  oa  eonnaetad  togatnar  to 
tna  countar  input  witn  a  amgia  pullup  raalator.  00  NOT  CON¬ 
NECT  THIS  PIN  DIRECTLY  TO  V,  (PIN  2(  AS  THIS  MAY 
DAMAGE  OUTPUT  STAGE  ANO  VOID  WARRANTY 
Thp  output  pulaa  width  can  Oa  mcraaaad  Oy  tna  connactlon  ol 
a  capacitor  Balm  pan  Pina  3  and  a  Saa  Plgura  2  lor  typical 


at  a  function  or  paternal  rapariimri 

Pigur*  2 

■  width  is  adequate  Pins  3  and  4  must  Da 


Qua  to  its  nannsttc  ssai  and  tmail  size.  tna  A-tOt  it  mail 
suitad  to  uas  within  a  vacuum  enamear  m  tuen  applications 
tna  mounting  mould  provide  adsquata  hast  dissipation  and 
cars  mould  Oa  takan  to  avoid  aisetncal  dlaenarga  naar  tna  in¬ 
put  wmen  cm  damage  unit  and  void  warranty 
Usa  cars  in  soldtnng  laadt  avoid  ovsmsattng 


*1fcU  lips 


if  t  /^^V-Cr 

I  *  (o  ojT^f 

am  i  Vo  O  Oj- - *- 


T04 TYPICAL  DIMENSIONS:; 


PIN  ASSIGNMENTS 


1.  GROUND 

2.  V,(-*-4to  +  10VDC) 

X  Pulaa  Width  Adjust 

4.  Pulaa  Width  Adluat 

3.  Poaltlva  Output 

5.  Opan  Collactor  Output 


TMBHOID  AO  JUST 

I  «,  /0 

°r  :  o 

ppriCTOao— 1|  |i  \0 

•V*  i  ^ 


7.  No  Connection 

8.  No  Connection 

9.  Threshold  Adjust 

10.  No  Connection 

11.  No  Connection 
IX  Input 


OC  OUT 

(  t  TJ* 

2“  ptoi  *2j 

*  xa 

-out  : 

4*  j 

TL 

V 

MKO 

Jr 

3s 

1 

Connection  Olapram 


WARRANTY:  This  preamp!  I  liar  dlacnmmator  is  wananiad 
iQlMft  (Mvctt  yndtr  nornu  un  (or  i  pmod  of  om  yw 
iftH  MMfy-  AmptSfc  IflCi'l  sot#  iwponiMMity  to  m 
customortundsrthis  wvranty  shod  bo.  ot  lb  opMn,  oithor  to 
ropotr  of  opbGi  ifly  componont  wMoti  bib  during  tM 


TtwwMM  *•  Tmfmmvn  (Tytmn 


to  Ainpbk  loo.  in  writinp  wfl  Affobk  be.  bob.  upon  bpcc* 
tton»  found  ouch  cobponmti  to  bidibctNc.  Units  dvnopsd 
through  dppdootton  of  dnpropor  powor  supply  uQhdgssondfBf 
signs*  Of  not  opordMd  in  teeofdanoo  uMh  opsmttng  tnsouc* 
ttonswonot  OMb0  vbdir  wrwty.  TlbWdMlii  oootmv 
tdhsrstnmin  *ou  ot  sd  othsr  womnriss  ptprsmd  or  mv 
qumi  Mid  n  tn  Hou  of  ad  oSMostiam  or  MOdhtss  on  ths  Mrt 

VRP  MW  Rt  two  tar  mi  MtRV^IVtRM  IP  t^^tttt^e  tRi  tnw  ppt 

pi  Amp  tan  me.  lor  damages  including.  Put  not  Hmnad  to.  oon- 
aaqumttai  amtegaa  anamg  out  at  or  m  aonwection  with  ma 
use  or  performance  of  the  spuipmsnt  supplied  tiataats 


«1TA. 


ELECTRICAL  CHARACTERISTICS: 


PHYSICAL  CHARACTERISTICS: 


I 

0-11 

zioimoc 

0-99 

2tOl2VOC  [ 

— 

1*  Dlwnfr  >  2vt-  Long 

;  —put  CwnM 

Wlf  10  Qflpil 

maaii  *-  -  - -  1 

TfMRI 

2eu.  in. 

;  Oiripiat  V«N^g 

ao«im 

5001O300OVOC 

Wt9M 

3.5  oz. 

Prop,  to  m*ul 

tOftProp.  to  MputtOft  j 

Pmkapmt 

SoMd  •neapautMkm, 

| 

400u* 

ZOOM 

M9CW 

I  "PPMRM- 

0.40ft 

0.29ft 

PMM 

OflQWt  IMP  pIK 

rn  3900V  Input  to 

mo<*  inpuno  Output/  j 
Output  to  Cm* 

_ L 

TaniMiaaft 

S  aMcom  robMr  Mad*  io" 

1 

Oglpm/Oulput 

•  Cm 

ENVIRONMENTAL  CHARACTERISTICS:  H‘*h 

UMud*  Spacify  Q18Z  -Q30Z 

iw  100.000  row. 

«M  40o’»p*f  M4-SW-910  Tharoa 

MMiod  SIS.  Proeaduro  IV 

_ 

Matflod  514.  Cun*  E.  Figuro  514-3 

4  Mum  -S5'Clo  4-71*C  par  MM-Std-910. 

M«hoaS04.QMt2 

TYPICAL  PCNPONMANCC  •  H’C 
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The  seven  ESA  interface  lines  are  TTL  compatible.  They  are  described  as  follows: 

1.  S/C  Clock 


1024  Hz,  approximately  50%  duty  cycle.  The  exact  frequency  is  not 
important.  It  is  used  by  the  S/C  and  the  instrument  to  transfer  digital 
signals;  that  is,  commands  to  ESA  and  data  to  S/C. 

2.  Command  Ready  (Notify)  -  S/C  to  ESA 

This  signal  goes  true  on  a  positive-going  edge  of  the  S/C  Clock  and  signals 
the  ESA  that  a  command  word  is  ready  from  the  S/C.  Signal  goes  false  on 
the  eighth  positive-going  clock  edge  following  the  start  of  the  true  signal  or. 
the  Command  Ready  Acknowledge  line. 

3.  Command  Ready  Acknowledge  -  ESA  to  S/C 

The  signal  goes  true  on  the  positive-going  edge  of  the  S/C  Clock,  after  the 
ESA  has  completed  a  readout  from  the  last  mode  cycle.  This  signals  the  S/C 
to  start  shifting  the  command  word  to  the  ESA  at  the  S/C  Clock  rate. 

4.  Command  Word 

This  is  a  serial  digital  data  line  dedicated  to  the  one-way  communication  of 
command  data  from  the  S/C  to  the  ESA.  The  Command  Word  is  loaded  into 
the  S/C  serial  output  register  before  the  Command  Ready  line  is  set  true  and 
thus  the  MSB  of  the  Command  Word  is  available  on  this  line  wh«n  it  is  set 
true.  The  ESA  reads  the  MSB  on  the  first  negative-going  edge  of  the  Clock 
after  the  Command  Ready  Acknowledge  line  goes  true.  The  second  MSB  is 
shifted  on  to  this  line  on  the  first  positive-going  edge  of  the  S/C  Clock  after 
the  Command  Ready  Acknowledge  line  is  set  true.  This  action  continues 
until  the  LSB  is  read  and  shifted,  at  which  time  the  Ready  and  Acknowledge 
lines  are  set  false. 

5.  Data  Ready  -  ESA  to  S/C 

This  is  the  line  for  notifying  the  S/C  that  the  256-bit  data  word  is  ready  to  be 
sent  from  the  ESA.  It  is  equivalent  ot  the  Command  Ready  line  in  the  other 
direction.  It  is  set  true  on  the  positive-going  edge  of  the  Clock. 


This  appendix  describes  the  bit  assignments  used  to  input  commands  to  the 
analyzer  and  to  output  data  to  the  spacecraft.  Table  F-l  gives  the  input  command  bit 
assignments.  Table  F-2  lists  output  data  bits  in  the  sweep  mode.  Table  F-3  gives  the 
output  data  bit  assignments  for  the  dwell  mode. 


Table  F-l.  Input  Command  Data  Bit  Assignments 


Channeltron 

Analyzer 

Sweep  Time 
and 

Channel  Dwell 

Sun 

Voltage 

Voltage 

Modes 

Sensor 

MSB 

Command  Word 

LSB 

7  6 

5  4  3 

2  1 

0 

0 

0 

0 

V 

0 

0 

0 

7.3 

V 

0 

0 

0.25  sec 

0 

Enabled 

0 

1 

2200 

V 

0 

0 

1 

15.6 

V 

0 

1 

1  sec 

1 

Disabled 

1 

0 

2400 

V 

0 

1 

0 

33.3 

V 

1 

0 

10  sec 

1 

1 

2600 

V 

0 

1 

1 

71 

V 

1 

1 

Dwell  Mode 

1 

0 

0 

151 

V 

1 

0 

1 

322 

V 

1 

1 

0 

685 

V 

1 

1 

1 

1460 

V 

.w 


I 


i 


Table  F-2.  Output  Data  Bit  Assignments  >  Sweep  Mode 


Bit  Location 

Bit 

Designation 

1 

23- 

MSB 

2 

22 

3 

21 

• 

• 

24  data  bits  -  count  from  lowest  energy  channel 

23 

1 

24 

0- 

LSB 

25 

5- 

MSB 

26 

4 

3  voltage  code  bits  for  1st  energy  channel  000 

27 

3- 

LSB 

28 

0 

Sun  sensor  bit 

29 

23- 

MSB 

30 

22 

31 

• 

21 

24  data  bits  -  count  from  2nd  energy  channel 

• 

52 

0- 

LSB 

53 

5- 

MSB 

54 

4 

3  voltage  code  bits  for  2nd  energy  channel  001 

55 

3- 

LSB 

56 

0 

Sun  sensor  bit 

• 

• 

• 

Six  additional  data  inits 

• 

for  energy  channels  3  through  8 

225 

7- 

MSB 

226 

6 

227 

5 

228 

4 

Playback  of  input  command  word 

229 

3 

230 

2 

231 

1 

232 

0- 

LSB 

233 

7- 

MSB 

234 

6 

235 

5 

236 

4 

Diagnostic  data  -  bits  7  through  1  are  checksum 

237 

3 

Bit  0  is  counter  test  indicator,  Usuccess, 

238 

2 

0*failure 

239 

1 

240 

0- 

• 

• 

Bits  241  through  256  are  not  assigned 
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Table  F-3.  Output  Data  Bit  Assignments  -  Dwell  Mode 

Bit  Location 

Bit 

Designation 

1 

23- 

MSB 

2 

22 

3 

21 

• 

24  data  bits  -  counts  in  commanded  energy 

channel 

24 

6- 

LSB 

25 

5- 

MSB 

26 

4 

Commanded  energy  channel  -  analyzer 
voltage  code 

27 

3- 

LSB 

28 

0 

Sun  sensor  bit 

29 

7- 

MSB 

30 

6 

31 

5 

32 

4 

Playback  of  input  command  word 

33 

3 

34 

2 

35 

1 

36 

0- 

LSB 

37 

7- 

MSB 

38 

6 

39 

5 

40 

4 

Diagnostic  data  -  bits  7  through  1  are 

41 

3 

checksum.  Bit  0  is  counter  test  indicator, 

42 

2 

l=success,  0=failire 

43 

1 

